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ABSTRACT 
 
An ongoing debate is whether people with autism spectrum disorder (ASD) have a local 
processing bias and to what extent impaired contextual processing is associated with this 
bias. The set of experiments employed in this project examined global and local 
processing, shifts between global and local processing, and low- and high-level visual 
processing in an attempt to address this issue. This thesis tested the hypotheses that (1) a 
local processing bias is associated with impaired global processing in ASD individuals, 
and (2) atypical processing style is linked with ASD severity.  
Twenty ASD individuals and 20 IQ and age (15-30 years) matched normal 
controls were administered a novel embedded figures task (local processing 
advantageous), a novel form matching task and novel shape integration task (global 
processing advantageous), a local-global switching task (which assessed attention 
broadening and attention narrowing ability), and a local and global motion detection task. 
The Social Responsiveness Scale was used to assess ASD severity.  
The ASD group correctly detected significantly more embedded shapes than 
controls. Compared to controls, ASD participants were disproportionately slower on the 
shape integration task relative to the form perception task. No overall group differences 
	  	   vi 
were found in attention broadening or attention narrowing ability. In addition, no group 
differences were found in local or global motion perception. Results also revealed a 
significant correlation between ASD severity and (1) faster response time on the 
embedded figures test, (2) slower response time on the shape integration task, (3) reduced 
attention broadening ability, and (4) reduced global motion perception.  
These findings confirm previous reports of enhanced local visual processing in 
ASD, and suggest that while global form perception is intact in ASD, global integration 
is more problematic. There was no evidence of generalized attentional impairments or 
motion perception abnormalities in ASD participants, suggesting that lower-level 
perceptual functions may be spared in people with ASD. Perhaps most intriguing was the 
observed association between ASD severity and enhanced local perception and impaired 
global processing. This association suggests that both a local processing bias and 
impaired global processing may play a role in the behavioral aspects of ASD 
symptomatology.  
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CHAPTER 1 
General Introduction 
“We do not see things as they are, we see them as we are.” 
Anaïs Nin (1961) 
 
The notion that people with autism spectrum disorder (ASD) see the world differently is 
one of the most remarkable aspects of this disorder. Autism is a neurodevelopmental 
disorder characterized by impairments in social communication, fixated interests and 
repetitive patterns of behavior. Prevalence now stands at 1:88; yet the underlying cause of 
this disorder is still a puzzle. For decades ASD research primarily focused on trying to 
characterize and explain the root of ASD deficits. In 1983 Uta Frith and her doctoral 
student Amitta Shah stumbled upon an intriguing finding; despite profound impairments, 
a sample of ASD participants outperformed controls on finding shapes hidden within 
complex geometric images (Shah & Frith, 1983). Soon additional empirical evidence of 
ASD visuospatial strengths followed (e.g. using small blocks to construct geometric 
patterns in the block design test; Shah & Frith, 1993). A theme began to emerge; 
individuals with ASD excelled in tasks where ignoring context, and focusing on small 
parts was advantageous. There is an ongoing debate regarding the explanation of the 
superior ASD ability to focus on parts and disregard contextual information. Some claim 
this superior ability is caused by an increased ability to process parts (local processing), 
but a reduced ability to integrate those parts into wholes (global processing); that is, 
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individuals with ASD are great at perceiving bits and fragments of information, but fail to 
“see the big picture” (Frith, 1989). Conversely, others claim this strength in processing 
parts is not the consequence of any failure to perceive wholes; instead, individuals with 
ASD have an enhanced ability to process local parts simply because their brains can more 
efficiently do so (Mottron, Dawson, Soulières, Hubert, & Burack, 2006).  
Whether superior local processing is associated with impaired global processing 
in ASD is still a mystery. The evidence suggests that the underlying cause of this atypical 
perception in ASD may be directly linked to the neural and genetic basis of this disorder 
(Happé & Frith, 2006; Just, Cherkassky, Keller, & Minshew, 2004; Li, Zhou, & Brown; 
White, O’Reilly, & Frith, 2009).  In addition, the superior ability to detect a part from a 
whole has been observed in non-autistic parents of individuals with ASD (Bölte & 
Poustka, 2006); leading to the suggestion that a local processing bias may be a useful 
biomarker in determining the underlying genotype in ASD (Bölte & Poustka, 2006; 
Spencer et al., 2012), making the characterization of processing style in ASD even more 
important. The investigation of this abnormality in ASD processing is imperative if we 
are ever to solve the puzzle of ASD.  
This dissertation explores if superior local processing is associated with impaired 
global processing in people with ASD, and if this abnormality in perception is associated 
with the social behavioral impairments that characterize this disorder.  
Atypical Visual Processing in ASD 
Excessive attention to detail has always been a noted hallmark of ASD. The original 
description of this disorder by Kanner (1943) described this atypical focus of attention, “ 
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an inability to experience wholes without full attention to constituent parts” (page 38). 
Moreover, one of the diagnostic criteria of autism is “persistent preoccupation with parts 
of objects” (DSM-IV-TR, APA, 2000). Atypical perception in ASD has been linked to 
strengths in a number of perceptual tasks. Studies have shown superior ASD performance 
in tasks where participants must detect small figures hidden within a complex image 
(Shah & Frith, 1983; Keehn, et al., 2009; see Figure 1.1A for example of embedded 
figures test, EFT). Studies have also reported superior ASD ability in tasks where 
participants must detect small target elements hidden among an array of distractor 
elements (Plaisted, O’Riordan, & Baron-Cohen, 1998; O’Riordan, Plaisted, Driver, & 
Baron-Cohen, 2001; see Figure 1.1B for example of visual search task). In addition other 
studies have found that individuals with ASD are better able to copy impossible figures 
(Mottron, Burack, Stauder, & Robaey, 1999; Brosnan, Scott, Fox, & Pye, 2004; see 
Figure 1.1C for example of impossible figure). Finally, studies have also reported ASD 
individuals are better able to recreate complex patterns using smaller elements (Shah & 
Frith, 1993; see Figure 1.1D for example of block design test). These findings of superior 
ASD ability on a range of visuospatial tasks have been explained by two prominent 
theories, the weak central coherence hypothesis (WCC) and the enhanced perceptual 
functioning hypothesis (EPF). 
 
[Figure 1.1 about here] 
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Weak Central Coherence Hypothesis 
Bartlett (1932) referred to it as a “drive for meaning;” the strong natural tendency in 
typical children and adults to pull information together for higher meaning. Bartlett 
(1932) demonstrated that during recall of a story, gist is easily reported, but story detail is 
often lost. Frith (1989) coined the term “central coherence” to describe this natural 
tendency in typical individuals to pull bits of information together. In the seminal work 
“Autism: Explaining the Enigma” (1989) Frith described the natural tendency towards 
coherence and that “without this type of high-level cohesion, pieces of information would 
just remain pieces” (page 98). Frith (2003) later elaborated that “in the normal cognitive 
system there is a built-in propensity to form coherence over as wide a range of stimuli as 
possible, and to generalize over as wide a range of contexts as possible” (page 159-160). 
An example of central coherence is our effortless ability to utilize contextual cues to 
acquire the correct meaning of ambiguous words heard during speech (e.g. son/sun, 
meet/meat, sew/so, pear/pair; Happé, 1999). Frith (1989, 2003) suggests this natural drive 
(central coherence) is weak in individuals with ASD. People with ASD, instead, 
excessively focus on parts, often in the process sacrificing integration of these parts into 
coherent wholes. For example, people with ASD focus on the details of a conversation, 
but miss the general higher-meaning, gist of the conversation. The weak central 
coherence hypothesis suggests this imbalance in perception (towards parts over wholes) 
is demonstrated by superior ASD performance in tasks where gestalt perception is 
disadvantageous and/or focus on parts is advantageous.  One classic example of this is 
superior ASD performance in the block design test (Shah & Frith, 1993). In this task 
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participants must reconstruct a two-dimensional design using three-dimensional blocks. It 
has been suggested that the block design task is difficult for typicals because of our 
strong drive towards coherence; in Figure 1.1D typicals have a natural tendency to see 
the geometric design as a large black diamond, rather than its constituent blocks (the four 
smaller triangles; Happé, 1999). In an interesting variation of the block design test, Shah 
and Frith (1993) demonstrated that pre-segmenting the geometric patterns removed the 
ASD advantage, suggesting that the initial ASD advantage was driven by their ability to 
disregard the gestalt of the patterns and focus instead on the constituent parts (Happé, 
1999). 
The weak central coherence hypothesis quickly gained acclaim within the ASD 
research field and ASD community. Parents of people with ASD, and these individuals 
themselves, immediately affirmed this notion of “not seeing the wood for the trees” 
(Happé & Booth, 2008).  
Enhanced Perceptual Functioning Hypothesis 
 The enhanced perceptual functioning hypothesis has a different interpretation of 
superior ASD performance on the aforementioned visuospatial tasks. The enhanced 
perceptual functioning hypothesis proposes, like the weak central coherence hypothesis, 
that people with ASD are better at processing local elements than typicals (Mottron, 
Burack, Iarocci, Belleville, & Enns, 2003; Mottron et al., 2006). Unlike the weak central 
coherence account, the enhanced perceptual functioning hypothesis does not believe 
superior local processing in ASD comes at the expense of global processing. Mottron et 
al. (2006) asserts that in typical individuals there is a natural hierarchy of processing 
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within the occipital lobe, “posterior regions of the occipital lobe are devoted to extraction 
of unique dimensions and to small areas of the visual field, and more anterior regions to 
both large areas of the visual field and increasingly abstract, higher-order operations (e.g. 
global processing, categorization)” (page 39). According to the enhanced perceptual 
functioning hypothesis, in individuals with ASD, these posterior regions (involved in 
more local processing) are overly recruited across a range of tasks, both social and non-
social (e.g. see Mottron et al., 2006 for review). The enhanced perceptual functioning 
hypothesis proposes this abnormal over involvement of the posterior regions of the 
occipital lobe results in superior local processing in ASD individuals. In addition this 
shift in the processing hierarchy (towards local processing) is what drives the excessive 
focus on parts and the bias towards local processing (over global processing) in ASD. 
The enhanced perceptual functioning account stresses that this imbalance in processing 
(preference for local over global) does not mean people with ASD cannot integrate 
information; individuals with ASD are better at processing local parts, but when 
necessary, they can “see the big picture.” In sum, while typical individuals are naturally 
drawn to integrate parts of information into a coherent whole, individuals with ASD are 
naturally drawn towards parts; however, if necessary, individuals with ASD can integrate 
parts and achieve global processing at a level comparable to typicals. 
 Consistent findings of superior local processing in ASD, but less consistent 
findings of impaired global perception (see Happé & Frith, 2006 for review) led to some 
questions regarding the original tenets of weak central coherence hypothesis, namely the 
assertion concerning global processing deficits in ASD. In addition some of the evidence 
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initially cited in support of weak central coherence has been contradicted by subsequent 
studies. For example, reduced susceptibility to illusions has been proposed as evidence of 
weak integration of context. Illusions are usually misjudged because of contextual effects 
(see Figure 1.2; in this illusion the identical size of the center circles is misjudged due to 
the surrounding circles). The finding that individuals with ASD were less susceptible to 
illusions was thought to indicate reduced integration of context (Happé, 1996). 
Subsequent studies have not replicated this finding (Ropar & Mitchell, 1999, 2001).  
 
[Figure 1.2 about here] 
 
Another example of conflicting findings regarding integration of context in ASD 
individuals was observed in with the homograph test. Homographs are words that are 
spelled the same, but have different meanings and pronunciations (e.g. bow, lead, bass, 
wound). Initial reports suggested individuals with ASD failed to integrate context when 
pronouncing homographs and therefore mispronounced these words (Frith & Snowling, 
1983; Happé, 1997; Jolliffe & Baron-Cohen, 1999). This was cited as evidence of 
impaired global processing. However, subsequent studies have shown that if individuals 
with ASD are notified in advance about the ambiguity of these words, they can perform 
at the same levels as controls (Happé & Frith, 2006). 
In a comprehensive review of the literature, Frith (the original architect of the 
weak central coherence hypothesis), concluded there was strong evidence for enhanced 
local processing in ASD, but weak evidence of impaired global processing (Happé & 
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Frith, 2006); therefore, perhaps the original proposal about ASD global processing 
deficits must be revised. On the other hand, Francesca Happé (a research colleague of 
Frith, and one of the chief proponents of the weak central coherence hypothesis) asserts 
inconsistent evidence of global processing impairments in ASD may be due to the current 
paradigms employed (Happé & Booth, 2008). Happé and Booth (2008) review the ASD 
literature and conclude that novel paradigms (e.g. investigating different aspects of global 
processing) are necessary before any definitive claims can be made about global 
perception in ASD.  
Literature Weaknesses 
The debate persists regarding whether enhanced local processing is associated 
with impaired global processing in individuals with ASD. A significant limitation of 
previous research is many groups employ one paradigm examining one aspect of 
perception; to get a complete picture of atypical perception in ASD multiple paradigms 
are required that tap into different types of perception (local versus global) and different 
levels of perception (basic versus higher-order perception). Two notable studies have 
attempted to use multiple paradigms to examine local and global perception in 
individuals with ASD.  First, Mottron and colleagues (2003) employed an embedded 
figures test, hierarchical letter test, and several configural processing tasks (e.g. task 
where participant must integrate fragments). Findings showed superior ASD performance 
(faster response) on the disembedding task (where local processing was advantageous), 
and no group differences on the hierarchical letter task or configural tasks. These findings 
were cited as evidence of superior local processing, and intact global processing in ASD 
	  	  
9 
participants. Unfortunately, this study was plagued with ceiling effects; the authors even 
note the obvious lack of sensitivity some of the global processing tasks. Moreover the 
same ASD participants were not involved in every task, and there was no information 
regarding consistency of ASD severity levels across tasks. Autism is highly 
heterogeneous; this is one of the notable difficulties of research in this field. Ideally when 
employing a range of processing tasks, the same participants should be recruited across 
experiments or much effort should be made to ensure participant characteristics (e.g. 
ASD severity) do not dramatically differ across tasks. 
Bölte, Holtmann, Poustka, Scheurich, and Schmidt (2007) also examined local 
and global processing in ASD using a range of paradigms, including visual illusion tests 
(e.g. participants asked if two inner circles in Titchener illusion were identical), gestalt 
processing tasks (e.g. participants judged images according to gestalt principles of 
closure, proximity, and similarity), a hierarchical letter task, a block design test, and an 
embedded figures test. ASD individuals performed at comparable levels to controls on 
the hierarchical letter task, block design test, and embedded figures test. However, the 
ASD group judged stimuli less according to gestalt laws, and was less susceptible to 
visual illusions. These findings were cited as evidence of impaired global perception in 
people with ASD. This study had a number of limitations. First, like Mottron et al. 
(2003), tasks were plagued with ceiling effects and lacked sensitivity (this may explain 
why no superior ASD performance, relative to controls, was observed on any of the 
visuospatial tasks). In addition, the findings of reduced susceptibility to illusions may be 
due to procedural characteristics; evidence suggests ASD individuals are susceptible to 
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visual illusions depending on the phrasing of the test question (Brosnan et al., 2004). 
Take for example the Titchener circles (Figure 1.2), if asked “do the inner circles appear 
the same size” rather than “are the inner circles the same size” individuals with ASD can 
misjudge the visual illusion just like typical individuals (Happé & Frith, 2006). Moreover 
a number of studies have observed normal susceptibility to illusions in people with ASD 
(Ropar & Mitchell, 1999, 2001). 
Specific Aims and Predictions 
The objective of this dissertation was to examine if superior local processing is associated 
with impaired global processing in ASD individuals. This project improved on past 
research in several ways. First, a range of processing skills was examined within the same 
participant sample; this will help demonstrate if within the same participant strengths in 
local processing are linked with weaknesses in global processing. Second, in the 
visuospatial tasks difficulty was controlled in an effort to avoid the ceiling effects 
observed in many previous studies, and to ensure participants sufficiently challenged the 
relevant processing system. Third, in the visuospatial tasks novel conditions (e.g. 
condition with distracting detail) were introduced to further expound on what affects 
perception in ASD. Finally, both low- and high-level tasks were employed; therefore 
making it possible to examine if abnormalities in ASD perception are characteristic of 
basic and higher-order perception.  
While atypical ASD perception (superior local, impaired global) has also been 
observed in other sensory modalities (e.g. auditory; see Happé & Frith, 2006 for review), 
we chose to focus on the visual domain for several reasons (Dakin & Frith, 2005). First, 
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much of the research on atypical perception in ASD is focused on the visual domain; 
therefore, there is a lot information about superior and inferior ASD performance on 
visual tasks (having this information was also crucial during the development of the 
novel paradigms). Second, a lot is known about the visual processing system and the 
different pathways involved. In addition, because so much is known about this system it 
makes it possible to examine any abnormalities at different points within visual 
perception (e.g. basic versus more complex, high-order perception).   
 Tasks employed in this study included; an embedded figures task (chapter 2), two 
silhouette tasks (chapter 3), a local-global switching task (chapter 4), and a local and a 
global motion detection task (chapter 5). See Figure 1.3 for example of experiment 
stimuli. 
[Figure 1.3 about here] 
 
In the embedded figures task (chapter 2), participants detected shapes hidden 
within complex geometric images. The traditional embedded figures test is commonly 
used to demonstrate superior local processing in people with ASD (Keehn et al., 2009). 
An updated version of this classic task was developed to examine superior local 
processing in individuals with ASD.  
Two novel silhouette tasks (chapter 3) were designed to examine different 
dimensions of global processing. In the classic silhouette task silhouettes are created by 
darkening the internal features of line drawings (of common objects like animals or 
flowers). To detect the correct silhouette participants must pay attention to the global 
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form of the line drawing and silhouette. Two novel silhouette tasks were designed. In the 
first task, participants detected the silhouette of geometric shapes. In the second task 
participants first combined two geometric shapes and then detected the correct silhouette 
of the combination of the two shapes. Both tasks assessed different dimensions of global 
processing; the first silhouette task examined global form perception, while the second 
task measured global integration.  
In the local-global switching task (chapter 4) participants detected rapidly 
presented small, local letters and big, global letters. This paradigm made it possible to 
examine (1) general attentional ability for local and global stimuli, and (2) attention 
broadening (detection of global letter if it is presented after local letter) and attention 
narrowing (detection of local letter if it is presented after global letter) ability. An added 
benefit of this task is a number of studies have reported attentional confounds (e.g. 
findings could be interpreted as general attention impairments in ASD participants). 
Including this attention paradigm within this project helped address this issue.  
In the local and global motion detection tasks (chapter 5) participants detected the 
direction of moving gratings (local motion task) and dot patterns (global motion task). 
The benefit of this paradigm was twofold. First, this provided a measure of basic 
perceptual functioning in ASD (i.e. motion perception). Second, this paradigm made it 
possible to examine if there were any abnormalities in local and global processing within 
the motion perception system.  
These tasks were employed to address the following questions in individuals with 
ASD: 
	  	  
13 
(1) Is impaired contextual processing associated with a local processing bias? 
(2) Is atypical processing characteristic of both basic and higher-order perception? 
(3) Is atypical perception related to ASD severity? 
Aim 1: To investigate to what extent impaired contextual processing is 
associated with a local processing bias. The embedded figures test was employed to 
investigate superior local processing in ASD. Eye-movement information was also 
collected to examine any group differences in perceptual functioning (e.g. shorter fixation 
duration suggests enhanced visual perceptual ability) and attention allocation (e.g. where 
participants focused on the screen). We predicted superior ASD performance on the EFT 
(faster response time and/or higher accuracy) and enhanced perceptual functioning in 
ASD participants (shorter fixation duration and/or smaller number of fixations). 
The two silhouette tasks were employed to investigate global processing in ASD. 
We predicted poorer ASD performance (slower response time and/or lower accuracy) on 
the first and/or second silhouette task as compared to controls. 
In sum, we predicted that in individuals with ASD, a local processing bias is 
associated with impaired global processing. 
Aim 2: To examine if atypical processing style is characteristic of both basic 
and higher-order perception in ASD. The embedded figures test and silhouette tasks 
were employed to examine higher-order perception. The local-global switching task and 
motion detection tasks were used as measures of more basic perceptual functioning 
(attention, motion). Even within these basic perceptual tasks, paradigm characteristics 
made it possible to examine local and global perception. The local-global attention 
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switching tasks assessed group differences in attention broadening and attention 
narrowing. While the motion detection tasks examined different types of motion 
perception (local, global). We predicted that relative to controls, individuals with ASD 
would be worse at (1) attention broadening (having to attend to a global letter that was 
presented after a local letter) and (2) global-motion perception. 
We predicted that while abnormalities in perception would be observed in the 
basic perceptual tasks, atypical ASD perception (superior local and impaired global) 
would be more readily apparent on the more complex, higher order tasks (embedded 
figures task, silhouette tasks). 
Aim 3: To investigate whether aspects of ASD symptom severity are related 
to atypical perception. Despite the common finding of abnormal perception in 
individuals with ASD, many groups fail to examine how this atypical perception relates 
to ASD symptom severity. How does atypical cognition in ASD relate to real-life 
behavioral impairments? The weak central coherence account proposes that excessive 
focus on detail at the expense of “seeing the big picture” contributes to both social 
(impairments in social communication and interaction) and non-social (restricted 
interests) behavioral symptoms in ASD. The enhanced perceptual functioning hypothesis 
makes some claims regarding how enhanced perception may contribute to non-social 
ASD behavioral symptoms; this account makes no clear claims regarding the link 
between ASD social behavioral symptoms and enhanced perception. 
There is little evidence regarding the relationship between local/global perception 
and ASD symptom severity. There have been a number of studies examining weak 
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central coherence and social cognition (see Happé & Frith, 2006 for review); however 
few studies examined (1) non-social impairments, and (2) the direct association between 
weak central coherence and actual ASD behavioral symptoms. A few studies have 
reported a significant relationship between enhanced local perception and higher levels of 
ASD social symptoms, but assert these relationships are in need of further examination 
(Joseph, Keehn, Connolly, Wolfe, & Horowitz, 2009; Joseph, Tager-Flusberg, & Lord, 
2002).  
It is important to connect atypical perception to abnormal behavioral symptoms in 
ASD. This also begins to suggest exactly how atypical perception may affect these 
individuals in the real world setting. To the best of our knowledge, this is the first study 
to examine the relationship between ASD social symptom severity and performance on a 
range of complex visual processing tasks. 1 In line with the tenets of the original weak 
central coherence hypothesis, we predicted enhanced local processing and impaired 
global processing would be associated with greater ASD social symptom severity; that is, 
higher levels of ASD social symptoms would be associated with (1) superior EFT 
performance, (2) poorer silhouette task performance (on either or both tasks), (3) poorer 
attention broadening ability, and (4) superior local motion and/or poorer global motion 
perception. This finding would be crucial in establishing a relationship between weak 
central coherence and real life challenges in people with ASD.  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 We also examined the relationship between task performance and autistic traits in typical 
participants; however, previous findings with typical individuals suggest a much larger sample 
size (100+) is required for correlation results to be significant and valid. 
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Figure Captions 
 
Figure 1.1 Examples of types of tasks used to illustrate atypical perception in individuals 
with ASD. 
(A) Locating embedded figures, (B) detecting target item defined by single feature during 
visual search, (C) copying impossible figure, (D) block design subtest of the Wechsler 
intelligence test. 
 
Figure 1. 2 Titchener circles illusion. The surrounding circles make it difficult to judge if 
the inner circles are the same size (taken from Happé, 1999). 
 
Figure 1. 3 Example of stimuli used in study. 
(A) Embedded figures task (correct target shape on bottom left), (B) Silhouette task 1 
(correct silhouette shape on the bottom left), (C) Silhouette task 2 (correct silhouette 
shape on the bottom left), (D) Local-global switching task (example of big global letter, 
and small local letters), (E) local motion perception task (vertical grating moved to left or 
right). (F) Global motion perception task (dot patterns moved to left or right). 
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yellow; Figure 2E) so that the target ‘‘pops-out,’’ the
search time for normal participants is independent of the
number of distracters. For conjunction search—where
the target is defined by a pair of attributes, any one of
which is shared with the distracters (e.g., a green cube
embedded in red cubes and green spheres; Figure
2F)—search time for normal participants depends on
the number of distracters. ASD observers are signifi-
cantly faster on both types of search and in particular
do not show any characteristic increase in reaction
time as display size increases in the feature-conjunction
conditions. As a result, ASD observers are nearly twice
as fast as controls in the largest display conditions
(O’Riordan et al., 2001). A follow-up study by O’Riordan
(2004) reports a statistically significant but somewhat
reduced speed advantage, with groups that were
matched for nonverbal measures of general ability (con-
firming that this is not an artifact of theway controlswere
matched in the earlier study). Critically, these authors
also show similar patterns of speed-accuracy trade-off
for both groups and that the advantage is reliably ob-
served in feature search, provided ceiling effects are
avoided.
Recently, efforts have beenmade to determine the re-
lationship between fast visual search and other feats of
superior visual performance among individuals with
ASD.Notably, Jarrold et al. (2005) report that embedded-
figuredetection is correlatedwith feature search in autis-
tic subjects, but with conjunction search in controls.
These are interesting but preliminary findings, given the
rather small, non-age-matched sample and that the fea-
ture-search taskwasunusuallydifficult, producingasim-
ilar dependence of performance on distracter density as
the conjunction search. That said, these findings are im-
portant for a number of reasons. First, the linkage of per-
formance on embedded figures to feature search in au-
tism suggests superior differentiation of target from
distracters, whereas the linkage to conjunction search
in controls suggests that they are limited by how well
they can group the background. This goes beyond cog-
nitivebiasandsuggests that abasicdifficulty ingrouping
maycontribute toenhancedpop-out observed inautism.
Finally, Bertone et al. (2005) have reported that ob-
servers with ASDproduce lower ‘‘orientation discrimina-
tion thresholds’’ for stimuli depicted in Figure 2G when
defined by modulation in luminance but not contrast.
In terms of the experimental task, thismeant that autistic
observers could tolerate higher levels of luminance noise
and still tell the orientation of a luminance-defined target.
To summarize, there is nowquite compelling evidence
that autistic observers can, under some circumstances
at least, make better use of local information than
matched control subjects. The stimuli eliciting such per-
formance tend to contain distracting global information,
which observers with ASD are better at ignoring. Is this
because they simply cannot see global structure or be-
cause their cognitive style leads them to ignore it? To
evaluate this issue a number of studies have investi-
gated autistic performance on global grouping tasks.
Using Context: Global Visual Processing
Navon (1976) introduced a hierarchical stimulus, con-
sisting of a large/global letter composed of small/local
letters, depicted in Figure 3A, to try and separate local
and global levels of visual processing. Normal perfor-
mance with such stimuli is characterized by a simple
bias toward the global structure. Because it is widely
held that there is a predisposition toward local process-
ing in autism, a number of researchers have used Navon
stimuli to manipulate the relevance of either local infor-
mation (the constituent letters) or global information
(the overall shape) to the task at hand. In general, find-
ings have been mixed, indicating impaired global
processing under some conditions (Milne et al., 2002;
Rinehart et al., 2000) but not others (Mottron et al.,
2003, 1999b; Ozonoff et al., 1994).
We note a problem with interpreting studies using
Navon stimuli and other variants using ‘‘Gestalt
Figure 2. Tasks Used to Probe Perceptual Processing that Elicit Supranormal Performance in Observers with ASD
(A) Block Design subtest of the Wechsler intelligence test, (B) locating embedded figures, (C) copying of impossible figures. (D) Ebbinghaus il-
lusion; the surrounding elements can make the (identical) central targets appear quite different. Some controversy surrounds whether autistic
observers are susceptible to this illusion. (E and F) Autistic observers are faster and less error prone at finding the odd-man-out in cluttered dis-
plays whether the target is defined by a single feature as in (E) or by a conjunction of features as in (F). (G) Bertone et al. (2005) have reported that
observers with ASD can tolerate higher levels of noise in determining the orientation of luminance-defined sine-wave gratings.
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p receding sentence context to determ i n e
the pro nu n c i ation of homographs. 
These findings bring to mind Kanner’s
(1943) description of his ori ginal cases:
‘… the ch i l d ren read monotonously, and 
a story … is ex p e rienced in unre l at e d
p o rtions rather than in its cohere n t
t o t a l i t y ’( p . 4 2 ) .
H oweve r, people with autism (at these
l evels of intelligence) are able to re a d
sentences for meaning when they are
ex p l i c i t ly re q u i red to do so. For ex a m p l e,
when instructed in reading for meaning
( S n owling & Fri t h , 1 9 8 6 ) , gro u p
d i ffe rences on the homograph task
d i s ap p e a re d. 
It seems, t h e n , t h at weak centra l
c o h e rence ch a ra c t e rises the spontaneous
ap p ro a ch or processing pre fe rence of
people with autism, best cap t u red in open-
ended tasks, and thus deserves the term
‘ s t y l e ’ rather than ‘ d e fi c i t ’ .
In ge n e ra l , t h e n , p u blished findings to
d ate suggest that people with autism are
distinguished from age- and ab i l i t y -
m at ched comparison groups in show i n g
re l at ive attention to parts and re l at ive
i n attention to wholes. The notion of
c o h e rence is curre n t ly being deb ated and
re fi n e d, h oweve r, and the boundaries of the
local bias are being delineated (see e. g.
Plaisted et al., 1998; Mottron et al., 1998). 
It is wo rth noting, for ex a m p l e, t h at
people with autism do appear to integrat e
the pro p e rties of a single object (e. g. colour
and fo rm in a visual search task: Plaisted 
et al., 1 9 9 8 ) , and to process the meaning 
of individual wo rds (in Stroop tasks: Fri t h
& Snow l i n g, 1983) and objects (in memory
t a s k s : P ring & Herm e l i n , 1993). It seems 
to be in connecting wo rds or objects that
c o h e rence is we a k .
C o h e rence and savant skills
Weak central cohere n c e, t h e n , m ay be a
c og n i t ive style cap able of explaining assets
as well as deficits on tests. Can it help us to
u n d e rstand the puzzling clinical fe at u res of
a u t i s m , s u ch as the high rate of sava n t
skills? Pe r h aps — as can be illustrat e d
f rom sugge s t ive data in two domains. 
In the area of musical talent, H e aton et al.
(1998) have shown that absolute pitch is
u nu s u a l ly common among even mu s i c a l ly
n a ive ch i l d ren with autism. How might
absolute pitch re l ate to weak coherence? 
Ta ke u chi and Hulse (1993) concl u d e
f rom a rev i ew of re s e a rch that ab s o l u t e
p i t ch can be learnt by most ch i l d ren befo re
about ge six, after wh i ch ‘a ge n e ra l
d evelopmental shift from perc e iv i n g
i n d ividual fe at u res [notes] to perc e iv i n g
re l ations among fe at u res [melody] make s
[ absolute pitch] difficult or impossible to
a c q u i re ’ (p.345). If people with autism
s h ow a perva s ive and persistent local
p rocessing bias, this would explain the
high fre q u e n cy of absolute pitch and the
s u p e rior ability to learn note-name
m appings at later age s .
In the domain of graphic talent, it also
ap p e a rs that the superior perfo rmance of
some individuals with autism may re flect 
a detail-focused processing style. Studies
( M o t t ron & Bellev i l l e, 1993; Mottron e t
a l . , in press) have shown that savant art i s t s
with autism tend to draw from one
contiguous detail to the nex t , rather than
s ke t ching an outline fi rst as is done
o rd i n a ri ly. Other evidence of fe at u ra l
p rocessing includes the unusual ease with
wh i ch they copy globally incohere n t
( i m p o s s i ble) fi g u res. 
P ring et al. (1995) tested part – wh o l e
p rocessing in ch i l d ren with autism and
n o rm a l ly developing ch i l d ren using
m o d i fied bl o ck design tasks. Th ey
c o n clude that there is ‘a facility in autism
for seeing wholes in terms of their part s ,
rather than as unified ge s t a l t s ’ (p.1073) —
and that this ability may also be
ch a ra c t e ristic of individuals with an
aptitude for draw i n g, whether or not they
h ave autism.
C e n t ral coherence and the
b roader phenotype
Since weak central coherence gives both
a dva n t ages and disadva n t age s , it is possibl e
to think of this balance (betwe e n
p re fe rence for parts ve rsus wholes) as akin
to a cog n i t ive style — a style wh i ch may
va ry in the normal population. We might
think of a normal distri bution of cog n i t ive
s t y l e, f rom ‘ we a k ’c e n t ral cohere n c e
( p re fe rential processing of part s , e. g. 
good pro o f re a d i n g ) , to ‘ s t ro n g ’c o h e re n c e
( p re fe rential processing of wh o l e s , e. g.
good gist memory). 
Th e re is existing but disparate ev i d e n c e
of normal individual diffe rences in
local–global pro c e s s i n g, f rom infa n cy (e. g.
Colombo et al., 1 9 9 5 ) , t h rough ch i l d h o o d
( e. g. Chynn et al., 1 9 9 1 ) , and into
adulthood (e. g. Mare n d a z , 1985). Sex
d i ffe rences have also been rep o rted on
tasks thought to tap local–global pro c e s s i n g
( e. g. Kramer et al., 1 9 9 6 ) , although studies
h ave typically confounded type of
p rocessing (local/global) and domain
( v i s u o s p at i a l / verbal). 
The possibility of sex diffe rences in
c o h e rence is intriguing in re l ation to
a u t i s m , wh i ch shows a ve ry high male to
female rat i o , e s p e c i a l ly at the high-ab i l i t y
end of the autism spectrum. We might
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u nu s u a l ly common among even mu s i c a l ly
n a ive ch i l d ren with autism. How might
absolute pitch re l ate to weak coherence? 
Ta ke u chi and Hulse (1993) concl u d e
f rom a rev i ew of re s e a rch that ab s o l u t e
p i t ch can be learnt by most ch i l d ren befo re
about age six, after wh i ch ‘a ge n e ra l
d evelopmental shift from perc e iv i n g
i n d ividual fe at u res [notes] to perc e iv i n g
re l ations among fe at u res [melody] make s
[ absolute pitch] difficult or impossible to
a c q u i re ’ (p.345). If people with autism
s h ow a perva s ive and persistent local
p rocessing bias, this would explain the
high fre q u e n cy of absolute pitch and the
s u p e rior ability to learn note-name
m appings at later age s .
In the domain of graphic talent, it also
ap p e a rs that the superior perfo rmance of
some individuals with autism may re flect 
a detail-focused processing style. Studies
( M o t t ron & Bellev i l l e, 1993; Mottron e t
a l . , in press) have shown that savant art i s t s
with autism tend to draw from one
contiguous detail to the nex t , rather than
s ke t ching an outline fi rst as is done
o rd i n a ri ly. Other evidence of fe at u ra l
p rocessing includes the unusual ease with
wh i ch they copy globally incohere n t
( i m p o s s i ble) fi g u res. 
P ring et al. (1995) tested part – wh o l e
p rocessing in ch i l d ren with autism and
n o rm a l ly developing ch i l d ren using
m o d i fied bl o ck design tasks. Th ey
c o n clude that there is ‘a facility in autism
for seeing wholes in terms of their part s ,
rather than as unified ge s t a l t s ’ (p.1073) —
and that this ability may also be
ch a ra c t e ristic of individuals with an
aptitude for draw i n g, whether or not they
h ave autism.
C e n t ral coherence and the
b roader phenotype
Since weak central coherence gives both
a dva n t ages and disadva n t age s , it is possibl e
to thin  of this balance (betwe e n
p re fe rence for parts ve rsus wholes) as akin
to  cog ni t ive style — a yle wh  c  may
va ry in the normal populatio . We might
think of a normal distri bution f cog n i t ive
s t y l e, f rom ‘ we a k ’c e n t ral cohere n c e
( p re fe rential processing of part s , e. g. 
good pro o f re a d i n g ) , to ‘ s t ro n g ’c o h e re n c e
( p re fe rential processing of wh o l  s , e. g.
good gist memory). 
Th e re is existing but disparate ev i d e n c e
of normal individual diffe rences in
local–global pro c e s s i n g, f rom infa n cy (e. g.
Colombo et al., 1 9 9 5 ) , t h rough ch i l d h o o d
( e. g. Chynn et al., 1 9 9 1 ) , and into
adulthood (e. g. Mare n d a z , 1985). Sex
d i ffe rences have also been rep o rted on
tasks thought to tap local–global pro c e s s i n g
( e. g. Kramer et al., 1 9 9 6 ) , although studies
h ave typically confounded type of
p rocessing (local/global) and domain
( v i s u o s p at i a l / verbal). 
The possibility of sex diffe rences in
c o h e rence is intriguing in re l ation to
a u t i s m , wh i ch shows a ve ry high male to
female rat i o , e s p e c i a l ly at the high-ab i l i t y
end of the autism spectrum. We might
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FIGURE 6 E m b e d ded figures test 
Pa re n t s , t o o , rep o rt intriguing and
u n expected difficulties — for ex a m p l e, t h at
their chi l d ren have pro b ems walking dow n
s t a i rs unless light and shadow prov i d e
d epth cues.
Weak coherence ap pe a rs at present to
be independent from — hough it intera c t s
with — deficits in theory of mind (Hap p é ,
1 9 9 4a, 1997). Howeve r, d e t a i l - fo c u s e d
p rocessing at a perc eptual level may play 
a art in certain social impairments.
C h i l d ren with autism are thought to
p rocess faces in terms of indiv i d u a l
fe at u re s , not their ove rall confi g u rat i o n .
Th ey suffer less decrement in fa c e
re c ognition tests when the faces are
i nve rted (Hobson et al., 1988); inv  rt i n g
faces is thought to affect pri m a ri ly
c o n fi gu ral (as opposed to fe at u ra l )
p rocessing (Bartlett & Searcy, 1993). Th e
p ro blem is that certain emotions appear to
be re c ognised pre d o m i n a n t ly fro m
c o n fi g u ral info rm ation (McKe l v i e, 1 9 9 5 ) .
The autistic fe at u ral processing style, t h e n ,
m ay hamper emotion re c og n i t i o n .
Vi s u o s p atial constructional cohere n c e
An elegant demonstration of we a k
c o h e rence was given by Shah and Fri t h
(1993). Th ey showed that people with
autism we re unu s u a l ly good at the standard
bl o ck design subtest of the We chsler scales
(see Fi g u re 4) and that this facility has
s p e c i fi c a l ly to do with seg m e n t at i o n
abilities. 
On a modified task using pre - s eg m e n t e d
d e s i g n s , c o n t rols perfo rmed as well as the
autism group. A siz  able adva n t ag  ga i n e d
f rom pr  - s eg m e n t ation was hown by
c o n t rols with (and without) learn i n g
d i s ab i l i t i e s , but not by people with autism
— suggesting that the latter group alre a dy
s aw the design in terms of its constituent
p a rts (Fi  u re 5).
So while the bl o ck design task may 
be hard for the rest of us because we
cannot ove rcome the gestalt of the wh o l e
design (for ex a m p l e, we see the design in
Fi g u re 4 as a bl a ck diamond, rather than
the fou  triangles of wh i ch it is composed)
— people with autism have no such
d i ffi c u l t y. Th ey do not succumb to the
ge s t a l t , and instead see the design in term s
of its constituent bl o cks. A similar skill is
often seen on the embedded fi g u res test
(see Fi g u re 6), in wh i ch a small shape mu s t
be found within a larger design (Shah &
Fri t h , 1 9 8 3 ) .
Verbal-semantic cohere n ce H e rmelin and
O ’ C o n n o r ’s (1967) gro u n d b reaking wo rk
on cognition in autism showed that people
with autism did not derive the usual benefi t
f rom meaning in memory tasks. Wh i l e
c o n t rol groups recalled sentences far better
than unconnected wo rd stri n g s , t h i s
a dva n t age from meaning was gre at ly
diminished in the autism group. 
This wo rk , s u b s e q u e n t ly rep l i c ated by 
a number of authors , s u ggested that people
with autism did not make use of either
semantic re l ations (e. g. wo rds from the
same cat ego ry ve rsus assorted wo rds) or
gra m m atical re l ations (e. g. sentences
ve rsus wo rd lists) in memory. 
Weak coherence is also demonstrat e d
by people with autism in their go o d
ver batim but poor gist memory for story
m at e rial (Sch e u ff ge n , 1 9 9 8 ) , and poor
i n fe re n c e, d i s a m b i g u ation and constru c t i o n
of narrat ive (Jo l l i ffe, 1998). Children with
autism show a local bias too in a sentence
completion test. Given stems such as ‘ Th e
sea tastes of salt and …’, or ‘ You can go
hunting with a knife and …’, t h ey tend to
a n swer with local completions such as
‘ p ep p e r ’ and ‘ fo rk ’( H ap p é , in prep a rat i o n ) .
Frith and Snowling (1983) used
h o m ographs (wo rds with one spelling, t wo
meanings and two pro nu n c i ations) to ch e ck
whether ch i l d ren with autism would use
p receding sentence context to derive
meaning and determine pro nu n c i ation —
for ex a m p l e, ‘In her eye there was a big
t e a r ’ , ‘In her dress there was a big tear’. 
If people with autism have weak centra l
c o h e rence at this leve l , then reading a
sentence may, for them, be akin to re a d i n g
a list of unconnected wo rds — and
sentence context will not be built up to
a l l ow meaning-driven disambiguation. In
the ori ginal studies (Frith & Snow l i n g,
1983; Snowling & Fri t h , 1 9 8 6 ) , and a
subsequent study with higher- f u n c t i o n i n g
ch i l d ren and adults (Hap p é , 1 9 9 7 ) ,
in d i iduals wit autism failed to use
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FIGURE 4 In the Wechsler block design task,the respondent must copy 
the design using cubes with diff e re n t l y patterned faces 
FIGURE 5 Shah and F r i t h ’ s (1993) b l o c k
design r e s u l t s
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Figure 1.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and poor perfo rmance with a single
c og n i t ive postulat e. Th u s , i n d iv i d u a l s w i t h
autism are predicted to be re l at ive ly go o d
at tasks wh e re attention to local
i n fo rm ation (i.e. re l at ive ly piecemeal
p rocessing) is adva n t age o u s , but poor at
tasks re q u i ring the re c ognition of global
meaning or i n t egration of stimuli in
c o n t ext. It was this aspect of the account
t h at fi rst enthralled me, and was bro u g h t
home to me by the anecdote illustrated in
Fi g u re 1. 
A clinician testing a boy with autism
a s ked him to name the va rious toy objects
in front of him, and he obl i gi n g ly named
the bed, bl a n ket and so fo rth. The cl i n i c i a n
then pointed to the toy pillow, asking wh at
t h at wa s , to wh i ch the young man rep l i e d,
‘ I t ’s a piece of ravioli’. 
Wh at is so nice about this example is
t h at the clinician re m a rked that the pillow
did indeed look like a piece of rav i o l i , bu t
t h at she would never have noticed the
re s e m bl a n c e in that contex t. In an
i m p o rtant sense, t h e n , the boy was not
m i s p e rc e iv i n g, or even mislabelling — his
p e rc eption was accurat e, p e r h aps all the
m o re so for being entire ly contex t -
i n d ependent. 
The central coherence account of autism
attempts to predict and explain such skills,
as well as impairments. As such , it can best
be ch a ra c t e rised in terms of cog n i t ive style,
rather than as a deficit account.
T h ree levels of pro c e s s i n g
In the last few ye a rs , the notion that
ch i l d ren with autism show weak centra l
c o h e rence — a tendency to focus on part s
and details at the expense of pro c e s s i n g
wholes and meaning — has re c e ive d
e m p i rical support from a growing nu m b e r
of studies. Detail-focused processing has
been demonstrated at a number of leve l s ,
and here I would like to mention just a few
examples spanning these diffe rent leve l s
(see Hap p é , in pre s s , for a rev i ew). 
Pe rceptual pr o c e s s i n g L e t ’s start with
the lowest level of info rm ation pro c e s s i n g
(although this alone spans a vast ra n ge of
c o m p l exities and levels). On the face of it,
the theory of weak coherence wo u l d, in its
s t ro n gest fo rm , p redict radical anomalies of
p e rc eption. Could it re a l ly be that ch i l d re n
with autism see a fragmented wo rld? 
To ex p l o re coherence at a perc ep t u a l
l eve l , I asked individuals with autism (wh o
ra n ged in age from 8 to 16, and in IQ fro m
40 to 92) to make simple judgements ab o u t
s t a n d a rd textbook visual illusions. Th e
l ogic behind the choice of mat e rials wa s
t h at at least some illusions can be analy s e d
into a ‘ t o - b e - j u d ge d ’ fi g u re and an inducing
c o n t ext or gro u n d. In the Ti t chener circl e s
i l l u s i o n , for ex a m p l e, it is the presence of
the surrounding small or big circles that
induces the misperc eption that the inner
c i rcles are of diffe rent sizes (Fi g u re 2). 
If people with autism have a tendency
t owa rds fragmented perc ep t i o n , and fo c u s
on the to-be-judged parts without
i n t egrating them with the surro u n d i n g
illusion-inducing contex t , one might ex p e c t
them to succumb less to the typical
m i s p e rc eptions. And this was ex a c t ly wh at
h appened — the people with autism we re
better able than controls with or without
l e a rning disabilities to make accurat e
j u d gements of the illusions (2-D condition
in Fi g u re 3) (Hap p é , 1996). 
This superior ability seemed to be
re l ated to disembedding skill, since wh e n
the fi g u res we re art i fi c i a l ly disembedd e d
by highlighting the to-be-judged parts with
raised coloured lines (3-D condition in
Fi g u re 3), c o n t rol groups perfo rmed as
a c c u rat e ly as the autism group. The autism
gro u p , h oweve r, was not mu ch helped by
this art i ficial disembedding — like the little
b oy with the ‘ ravioli pillow ’ , t h ey did not
fall prey to contex t .
Although it may seem hard to believe
t h at people with autism might see the
wo rld in a ra d i c a l ly diffe rent way, s o m e
fi rs t - p e rson accounts do sugge s t
f ragmented and disorganised perc ep t i o n .
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FIGURE 2 Titchener circles — the presence of the surrounding circles affects 
the ability to judge whether the inner circles are r e a l l y the same size
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FIGURE 3 People with autism,who may per c e i ve visual illusions such as T i t c h e n e r
c i rcles (Figure 2) in a less unified way, a re better able to resist the ‘inducing conte x t ’
and so succumb less to the illusion (based on Ha p p é ,1 9 9 6 )
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Figure 1.3 
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CHAPTER TWO 
Study 1: Embedded Figures Test 
 
 
A clinician asks a boy with autism to name various toy objects (Happé, 1999). The boy 
proceeds to correctly name several objects (e.g. doll, bed, quilt). The clinician then points 
to a pillow; the boy responds, “It’s a piece of ravioli.” The interesting thing about this 
anecdote is that the clinician noticed, upon closer evaluation, the pillow did indeed 
resemble a piece of ravioli; however, within that context (bed, blanket) she would not 
have noticed this similarity. For most of us the context would also have prevented us 
from perceiving the pillow in this non-traditional manner. This boy was able to accurately 
perceive the contextual elements, however he did not accurately factor context into his 
response. In December, 1998 Francesca Happé gave the Spearman Medal Lecture in 
London, where she painted an intriguing picture of the “fragmented world” of people 
with autism, where information is perceived in pieces, with disregard of context (Happé, 
1999). Do people with autism exist in a fragmented world? Do they see context 
differently? The objective of this study was to employ a novel embedded figures 
November 1999 The Psychologist Vol 12 No 11
Spearman Medal Lectur e
l e a rning disabilities (Rimland & Hill,
1984). If skills outside these areas are
c o u n t e d, s u ch as doing jigsaw puzzles
re m a rk ably we l l , then the gre at majority 
of people with autism would be counted 
as showing some specific talent — most
people with autism have at some time
s u rp rised their care rs by a skill out of line
with their ge n e ral ab i l i t y. 
H ow can we account for these assets
t h at deficits in theory of mind, exe c u t ive
f u n c t i o n , and so fo rth appear unable to
ex p l a i n ?
In pri n c i p l e, I think there are at least 
t wo possible sorts of ex p l a n ation. Fi rs t ,
we might conclude that the child with
ap p a re n t ly seve re autism, who nonetheless
m a kes rapid calculations in the manner of a
ve ry intelligent adult, is in fact highly
i n t e l l i gent — that is, their talent signifi e s
wh at it signifies in the non-autistic
i n d ividual. A l t e rn at ive ly, we might
c o n clude that their talent does not have the
usual significance with re l ation to ge n e ra l
ab i l i t y, because they are going about the
task in a diffe rent way from normal. 
Assets and deficits
One current account of autism proposes a
d i ffe rent rather than mere ly deficient mind
at the core of autism. Uta Fri t h , p ro m p t e d
by a strong belief that assets and deficits in
autism might have one and the same ori gi n ,
p roposed in her seminal  book that autism
is ch a ra c t e rised by weak ‘ c e n t ra l
c o h e re n c e ’( Fri t h , 1989). 
C e n t ral coherence is the term Fri t h
coined for the eve ry d ay tendency to pro c e s s
incoming info rm ation in context for gist —
pulling info rm ation together for higher
l evel meaning, often at the expense of
m e m o ry for details. For ex a m p l e, a s
B a rt l e t t ’s classic wo rk showed (Bart l e t t ,
1 9 3 2 ) , the gist of a story is easily re c a l l e d,
while the actual surface fo rm is quick ly
l o s t , and is difficult to retain. 
C e n t ral coherence is also demonstrat e d
in the ease with wh i ch we re c ognise the
c o n t ex t u a l ly ap p ro p ri ate sense of the many
ambiguous wo rds heard in eve ry d ay
s p e e ch (e. g. son/sun, m e e t / m e at , s ew / s o ,
pear/pair). The tendency to pro c e s s
i n fo rm ation in context for global meaning
is seen, t o o , with non-verbal mat e rial —
for ex a m p l e, the tendency to misinterp re t
details in a jigsaw piece according to the
expected position in the whole picture.
It is like ly that this pre fe rence fo r
higher levels of meaning also ch a ra c t e ri s e s
young ch i l d ren and adults with (non-
autistic) learning disability — who ap p e a r,
for ex a m p l e, to find mat e rial easier to
recall when it is meaningful (e. g. Herm e l i n
& O’Connor, 1967). Global pro c e s s i n g
p re d o m i n ates in some aspects of
p e rc eption (e. g. Kimch i , 1 9 9 2 ) , and may
do so from the fi rst months of life
( Freedland & Dannemiller, 1 9 9 6 ) .
Frith suggested that this aspect of
human info rm ation processing is disturbed
in autism. She argued that people with
autism show detail-focused pro c e s s i n g, i n
wh i ch fe at u res are noticed and retained at
the expense of global confi g u ration and
c o n t extualised meaning. At the level of
clinical pre s e n t at i o n , ch i l d ren and adults
with autism often show a pre o c c u p at i o n
with details and parts (indeed this is one
d i agnostic cri t e rion in DSM-IV), wh i l e
failing to ex t ract gist or notice contex t .
Kanner (1943), who named the disord e r,
also comments on the tendency fo r
f rag m e n t a ry processing in autism, and its
role in the ch i l d re n ’s ch a ra c t e ri s t i c
resistance to ch a n ge : ‘… a situat i o n , a
p e r fo rm a n c e, a sentence is not rega rded as
complete if it is not made up of ex a c t ly the
same elements that we re present at the time
the child was fi rst confronted with it’
(pp.37–38). 
I n d e e d, Kanner saw as a unive rs a l
fe at u re of autism the ‘ i n ability to
ex p e rience wholes without full attention to
the constituent part s ’( p . 3 8 ) , a descri p t i o n
akin to Fri t h ’s notion of weak centra l
c o h e re n c e.
The idea of weak central cohere n c e
a l l ows us to explain pat t e rns of ex c e l l e n tFIGURE 1: P a rts and wholes
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l e a rning disabilities (Rimland & Hill,
1984). If skills outside these areas are
c o u n t e d, s u ch as doing jigsaw puzzles
re m a rk ably we l l , then the gre at majority 
of people with autism would be counted 
as showing some specific talent — most
people with autism have at some time
s u rp rised their care rs by a skill out of line
with their ge n e ral ab i l i t y. 
H ow can we account for these assets
t h at deficits in theory of mind, exe c u t ive
f u n c t i o n , and so fo rth appear unable to
ex p l a i n ?
In pri n c i p l e, I think there are at least 
t wo possible sorts of ex p l a n ation. Fi rs t ,
we might conclude that the child with
ap p a re n t ly seve re autism, who nonetheless
m a kes rapid calculations in the manner of a
ve ry intelligent adult, is in fact highly
i n t e l l i gent — that is, their talent signifi e s
wh at it signifies in the non-autistic
i n d ividual. A l t e rn at ive ly, we might
c o n clude that their talent does not have the
usual significance with re l ation to ge n e ra l
ab i l i t y, because they are going about the
task in a diffe rent way from normal. 
Assets and deficits
One current account of autism proposes a
d i ffe rent rather than mere ly deficient mind
at the core of autism. Uta Fri t h , p ro m p t e d
by a strong belief that assets and deficits in
autism might have one and the same ori gi n ,
p roposed in her seminal  book that autism
is ch a ra c t e rised by weak ‘ c e n t ra l
c o h e re n c e ’( Fri t h , 1989). 
C e n t ral coherence is the term Fri t h
coined for the eve ry d ay tendency to pro c e s s
incoming info rm ation in context for gist —
pulling info rm ation together for higher
l evel meaning, often at the expense of
m e m o ry for details. For ex a m p l e, a s
B a rt l e t t ’s classic wo rk showed (Bart l e t t ,
1 9 3 2 ) , the gist of a story is easily re c a l l e d,
while the actual surface fo rm is quick ly
l o s t , and is difficult to retain. 
C e n t ral coherence is also demonstrat e d
in the ease with wh i ch we re c ognise the
c o n t ex t u a l ly ap p ro p ri ate sense of the many
ambiguous wo rds heard in eve ry d ay
s p e e ch (e. g. son/sun, m e e t / m e at , s ew / s o ,
pear/pair). The tendency to pro c e s s
i n fo rm ation in context for global meaning
is seen, t o o , with non-verbal mat e rial —
for ex a m p l e, the tendency to misinterp re t
details in a jigsaw piece according to the
expected position in the whole picture.
It is like ly that this pre fe rence fo r
higher levels of meaning also ch a ra c t e ri s e s
young ch i l d ren and adults with (non-
autistic) learning disability — who ap p e a r,
for ex a m p l e, to find mat e rial easier to
recall when it is meaningful (e. g. Herm e l i n
& O’Connor, 1967). Global pro c e s s i n g
p re d o m i n ates in some aspects of
p e rc eption (e. g. Kimch i , 1 9 9 2 ) , and may
do so from the fi rst months of life
( Freedland & Dannemiller, 1 9 9 6 ) .
Frith suggested that this aspect of
human info rm ation processing is disturbed
in autism. She argued that people with
autism show detail-focused pro c e s s i n g, i n
wh i ch fe at u res are noticed and retained at
the expense of global confi g u ration and
c o n t extualised meaning. At the level of
clinical pre s e n t at i o n , ch i l d ren and adults
with autism often show a pre o c c u p at i o n
with details and parts (indeed this is one
d i agnostic cri t e rion in DSM-IV), wh i l e
failing to ex t ract gist or notice contex t .
Kanner (1943), who named the disord e r,
also comments on the tendency fo r
f rag m e n t a ry processing in autism, and its
role in the ch i l d re n ’s ch a ra c t e ri s t i c
resistance to ch a n ge : ‘… a situat i o n , a
p e r fo rm a n c e, a sentence is not rega rded as
complete if it is not made up of ex a c t ly the
same elements that we re present at the time
the child was fi rst confronted with it’
(pp.37–38). 
I n d e e d, Kanner saw as a unive rs a l
fe at u re of autism the ‘ i n ability to
ex p e rience wholes without full attention to
the constituent part s ’( p . 3 8 ) , a descri p t i o n
akin to Fri t h ’s notion of weak centra l
c o h e re n c e.
The idea of weak central cohere n c e
a l l ows us to explain pat t e rns of ex c e l l e n tFIGURE 1: P a rts and wholes
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paradigm to investigate if an enhanced ability to process local information, and an 
inferior ability to perceive context is a primary feature of how people with ASD visually 
process the world.  
Embedded Figures Test and Weak Central Coherence  
In the classic embedded figures test participants are asked to identify a simple figure 
hidden within a more complex figure. The complex figures were designed to be gestalt 
inducing, and difficult to break up (Witkin, 1950). Color was later added to the complex 
figures to promote gestalt processing of each image (Witkin, 1950). During the design 
and implementation of the embedded figures test, Witkin observed that some individuals 
were much more able to detect these simple shapes, while other participants struggled to 
locate the hidden shapes. Witkin noted that the performance of participants “reflected the 
degrees of difficulty encountered in breaking up the complex figure, and pointed to 
differences in degree of adherence to its pattern” (Witkin, 1950, page 12). Witkin 
proposed the term field independence, to label the cognitive ability to disregard a 
camouflaging field and thus successfully extricate distinct units from that field. 
Therefore, better embedded figures test performance suggests greater field independence, 
or superior ability to disregard the gestalt of the complex image and detect items hidden 
within. On the other hand, poor embedded figures test performance suggests greater field 
dependence, or poorer ability to “break-up” this camouflaging field and detect the hidden 
shapes. Witkin (1950) also noted robust sex differences in embedded figures test 
performance, with males having a more field independent cognitive style than females. 
Relationships between personality characteristics and a field independent/dependent 
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cognitive style have also been observed  (Crossnon, 1984; Witkin, 1950; see Witkin & 
Goodenough, 1977 for review). For example, Witkin & Goodnenough (1977) reported 
field dependent individuals were better able to perceive and interpret social information 
and had a natural preference for interpersonal relation. Field independent people, 
however, were more likely to avoid social situations and preferred cognitive analysis and 
nonsocial situations to others. Witkin and Goodenough (1977) assert that field dependent 
people are more sociable, gregarious, and show great interest and concern for others; 
while, field independent people prefer solitude, tend to be aloof, prefer ideas and 
principles to interaction with others.  This personality delineation between field 
dependent and independent individuals is especially interesting since ASD individuals 
have been found to have superior performance on the embedded figures test (suggesting 
their personality characteristics should align more with the field independent cognitive 
style). 
 Numerous groups have cited superior ASD embedded figures test performance as 
evidence of a local processing bias in ASD. A common finding is that ASD participants 
outperform matched controls on the embedded figures test (Jolliffe & Baron-Cohen, 
1997; Keehn et al., 2009; Pellicano, Gibson, Maybery, Durkin, & Badcock, 2005; Shah 
& Frith, 1983; van Lang, Bouma, Systema, Kraijer, & Minderaa, 2006); this finding is 
one of the most popular findings cited as evidence of superior local processing in ASD. 
At first look this finding (superior ASD performance on the embedded figures test) could 
be interpreted as support for both the weak central coherence and enhanced perceptual 
functioning accounts. According to the enhanced perceptual function hypothesis, 
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individuals with ASD perceive, but are better able to ignore the distracting field due to 
lack of automaticity of global perception. While, according to the weak central coherence 
hypothesis individuals with ASD are less able to perceive the camouflaging field due to 
weak central coherence, thus the gestalt of the complex images is less distracting; that is, 
since gestalt perception in ASD is problematic, ASD individuals do not even perceive the 
gestalt of the complex figures. Happé and Frith (2006) suggest it would be erroneous “to 
equate FI [field independence] with weak central coherence; while FI people are 
conceptualized as succeeding on EFT because of their ability to see, but resist, the gestalt, 
people with weak coherence are postulated to be good at this test precisely because they 
do not spontaneously attend to the gestalt, instead seeing the figure first in terms of its 
parts.” More recent work supports this assertion. Imaging studies have reported less 
involvement of the frontal cortices (which are implicated in gestalt processing) and 
increased activation of the occipital cortices in ASD individuals during performance of 
the embedded figures test (Lee et al., 2007; Ring et al., 1999). These findings have been 
cited as evidence of reduced gestalt processing and increased local perception in ASD 
during the embedded figures test; that is, in the embedded figures test, individuals with 
ASD tend to see the figure in terms of its parts not the over gestalt.  
 Despite consistent findings of ASD superiority in embedded figures test 
performance, some groups have reported no group differences on this task (for review see 
White & Saldaña, 2011). White and Saldaña (2011) cite a number of reasons for these 
conflicting findings including, participant matching criteria (age versus IQ), use of only 
lower-functioning individuals with autism, and response time confounds. Regarding the 
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last concern, White and Saldaña (2011) suggest response time findings in some studies 
were confounded by accuracy (e.g. participants may be responding faster, but with 
inaccurate answers); thus, studies may artificially produce group differences (to avoid 
this error, response times for correct trials only were used in the present study). In an 
effort to address some of these inconsistencies, White and Saldaña (2011) recruited a 
large (n = 107 ASD children) and diverse (varying severity levels) sample of children 
with ASD, and age and IQ matched typically developing children. All participants were 
given the Children’s Embedded Figures Test. Each child was shown a picture and asked 
to locate (by drawing with finger) a target shape (either triangle or house) hidden within a 
complex image. Participants were shown 25 items total and allotted 60s per item. The 
authors observed no group differences in accuracy, response time for only correct items, 
or response time for all items (although there was a trend towards ASD participants being 
faster for correct responses only). White and Saldaña (2011) cite this as evidence that the 
traditional embedded figures paradigm should be used with caution. Moreover, the 
authors assert that additional control measures (e.g. making sure no attention confounds) 
and measures of global processing must be employed along with the embedded figures 
task before any firm statements can be made about performance on this task and weak 
central coherence.   
 While White and Saldaña (2011) were able to avoid some of the common 
mistakes made by other groups, there are inherit weaknesses in the traditional embedded 
figures test that are unavoidable. First, there is no baseline condition to address, for 
example, group differences in task unrelated abilities (e.g. motor response). Second, this 
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task has a small number of trials (e.g. 25 trials), further reducing the sensitivity of this 
measure. In addition a number of recent embedded figures paradigms require participants 
to detect if the target shape is present or absent in the complex figure (Keehn et al., 2009; 
Manjaly et al., 2007); this, however, may lead to a response bias (i.e. participants overly 
reporting that the target is absent). In the present study a forced-choice format was 
employed to avoid this confound. Finally, it is imperative when observing group 
performance to not just examine if ASD participants are superior, but to also examine 
how they perform this task. Imaging studies have already demonstrated that even if no 
group behavioral differences are observed, there may still be group differences in 
underlying neural mechanisms (Lee et al., 2007).  
The classic embedded figures test is an elegant paradigm; however, like White 
and Saldaña (2011), we believe studies using this paradigm have a great deal of 
limitations. We do not believe these limitations are exclusively due to participant sample 
inconsistencies or procedural differences between studies. The task itself is in need of 
updating. The aim of this study was to employ a novel embedded figures paradigm to 
investigate processing style in people with ASD (we believed a local processing bias 
would be observed in ASD participants as indicated by faster response times and/or 
higher accuracy). It was our goal to develop an updated embedded figures paradigm and 
to also examine what factors affect task performance. Eye-movement behavior was 
collected during task performance as an index of underlying strategy. Finally, we 
examined if any dimensions of ASD severity were linked with embedded figures task 
performance. 
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Variables that affect embedded figures test performance. The embedded 
figures test is one of the most widely used paradigms in the autism literature; yet, very 
little effort has been made within this field to investigate what factors affect participant 
performance, and if there are group differences in the effects of these variables. In the 
current paradigm we introduced several variables into the task, and also carefully 
monitored other variables to help elucidate the variables that affect embedded figures test 
performance. First, we introduced local-distracting detail into the target shape to 
investigate if detail affected participant performance, and moreover if local distracting 
detail disproportionately impaired ASD performance (since they have been hypothesized 
to excessively focus on local detail). Second, we monitored the amount of complexity 
(number of parts/segments that composed each complex image) to see if greater figure 
intricacy impaired participant performance. Third, we examined the amount of colors in 
the target (within the complex figure) to see if more color was distracting and impaired 
performance. Fourth, we monitored the number of times each color in the target (within 
the complex figure) extended beyond the target. This can be thought of as how much 
each color “bleeds” out of the target and into its surround within the complex figure. We 
believed greater color bleed suggests the hidden target greater matches its surround 
within the figure; therefore, the target shape would be more difficult to extricate out of 
the complex figure. Finally, we also examined distractor difficulty, to see if increasing 
the viability of the distractor shape negatively affected participant performance. All these 
variables were examined in an attempt to begin some discourse on what affects 
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performance on the embedded figures task, and to aid future groups in embedded figures 
task development and analysis. 
Weak coherence and ASD social deficits. One of the major tenets of the original 
weak central coherence hypothesis was that weak coherence was directly linked to ASD 
social deficits (Frith & Happé, 1994). Social cognition is heavily dependent on context. 
For example, the same behavior would have a vastly different interpretation depending 
on context  (e.g. someone shedding tears could be interpreted as sadness if the person is 
saying goodbye to a close friend or happiness if the close friend has returned; Penn, 
Ritchie, Francis, Combs, & Martin, 2002). The social environment is filled with many 
subtle cues that demand context integration to be adequately perceived and to determine 
an appropriate response.  A number of studies have found a connection between weak 
central coherence and impaired social cognition (Baron-Cohen & Hammer, 1997; Jarrold, 
Butler, Cottington, & Jimenez, 2000). Jarrold and colleagues (2000) observed in a sample 
of ASD children that there was a relationship between superior embedded figures task 
performance and inferior performance on a theory of mind test (false belief task). Baron-
Cohen and Hammer (1997) also observed a relationship between a measure of social 
cognition (the ‘Eyes task’ which asks participants to identify emotional expressions by 
looking at pictures of eyes) and faster embedded figures task performance. 
Conversely, a number of studies have reported no such link between weak central 
coherence and social ability (Happé, 1997; Pellicano, Maybery, Durkin, & Maley, 2006). 
Happé (1997) found theory of mind performance did not correlate with performance on a 
homograph pronunciation task; in the homograph test participants must use contextual 
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information in sentences to correctly pronounce the homograph (e.g. pronouncing the 
word bow in the sentence ‘He greeted the king with a bow’ versus ‘She took the arrow 
and bow to the forest’). Burnett et al. (2005) reported no correlation between any weak 
coherence visuospatial measures (e.g. block design test, embedded figures test) and 
theory of mind task performance (however the authors also reported a correlation 
between poor homograph test performance and poor theory of mind performance). 
Morgan, Maybery, and Durkin (2003) also found no correlation between measures of 
weak central coherence (i.e. preschool embedded figures test and a pattern construction 
task) and joint attention and pretend play (measures of theory of mind ability). These 
conflicting findings suggest additional research is needed before any conclusive 
statements can be made regarding the connection between weak central coherence and 
social dysfunction in individuals with ASD (Russell-Smith, Maybery, Bayliss, & Sng, 
2012). 
Eye-movement behavior and enhanced perception. The evidence suggests it is 
not enough to examine if people with ASD can perform a task, it is also essential to 
examine how they perform that task (Lee et al., 2007, Manjaly et al., 2007; Ring et al., 
1999). Do people with ASD employ the same underlying strategies as controls when 
searching for hidden shapes within a complex figure? In the present study eye-movement 
behavior was utilized as an index of underlying strategy. We hoped eye-movement 
information would help elucidate any group differences in attentional deployment or 
allocation. 
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Enhanced low-level perception is also a key prediction of the enhanced perceptual 
functioning hypothesis. Indeed, the Mottron group (2003, 2006) asserts enhanced-low 
level functioning is what underlies superior processing of local stimuli in ASD. Any 
evidence of greater processing efficiency (e.g. reduced fixation duration, fixation number, 
and/or looking time) would suggest enhanced low-level involvement in the ASD group 
(Joseph et al., 2009; Keehn et al., 2009; Kemner, van Ewijk, van Engeland, & Hooge, 
2007). While this finding would not contradict the weak central coherence framework, it 
would provide greater support for the enhanced perceptual functioning account.  
Methods 
Participants 
Twenty male adolescents and adults with ASD and 20 male control participants 
were recruited via the Research on Autism and Developmental Disorders (ROADD) lab. 
The project was approved by the Institutional Review Board at Boston University and 
informed consent was obtained from all participants. All ASD participants had previously 
been diagnosed by a clinician and met the DSM-IV-TR diagnostic criteria for ASD 
(APA, 2000). Clinical diagnoses of ASD were confirmed using the Autism Diagnostic 
Observation Schedule (ADOS; Lord, Rutter, DiLavore, & Risi, 1999; Lord et al., 2000). 
All ASD participants received compensation for their participation.  All control 
participants were undergraduates students at Boston University and received course credit 
for their participation. 
Independent samples t-tests (two-tailed) confirmed that groups were matched on 
age and full scale IQ (as assessed by the Kaufman Brief Intelligence Test, second edition, 
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KBIT-2; Kaufman & Kaufman, 2004). There were no significant group differences in 
age, t(24.11) = -0.56, p = .58, full scale IQ, t(38) = -0.79, p = .43, nonverbal IQ, t(38) = -
1.49, p = .14), or verbal IQ, t(38) = -0.07, p = .94 (see Table 2.1 for participant 
characteristics). The same participants were used in all experiments. 
All novel tasks (embedded figures task, silhouette tasks) were piloted with 100 
undergraduate Boston University students to (1) identify any flaws in task design or 
procedure, and (2) avoid floor or ceiling effects (the target was an average accuracy of 
approximately between 70%-85%).  
 
[Table 2.1 about here] 
 
General Procedure 
Task order (embedded figures task, silhouette tasks, local-global switching task, 
motion detection tasks) was counterbalanced across participants. Before each task, 
participants were given verbal instructions and shown examples of the stimuli. Additional 
computer instructions preceded each task. The KBIT-2 and questionnaires were 
administered at the end of the session. 
Questionnaires. 
Social Responsiveness Scale. The Social Responsiveness Scale is a 65-item 
questionnaire developed to measure the severity of ASD behaviors in children and 
adolescents, with an emphasis on impairments in social interaction and communication 
(Constantino & Gruber, 2005; Constantino et al., 2007). The questionnaire was designed 
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to be answered by an adult (caregiver/teacher) with comprehensive knowledge of the 
participant’s current behavior patterns. Although not a diagnostic measure, the SRS has 
been found to correlate robustly with the Autism Diagnostic Interview-Revised 
(Constantino et al., 2003; Lord, Rutter, Le Couteur, 1994); accordingly this measure is 
used in both clinical and experimental settings.  This scale has been used as a valid 
measure of continuous ASD social impairment (Constantino et al., 2003). While the SRS 
examines ASD symptoms in the context of the social setting, the measure encompasses 
both the social and non-social (preoccupations, rigidity, stereotyped behaviors) primary 
features of ASD.  
Responses are made on a 4-point scale (not true, sometimes true, often true, 
almost always true). On each item participants can score from 0-3. Scores range from 0 to 
195, with higher scores suggesting greater levels of autistic traits. The questionnaire can 
be divided into five subscales (social awareness, social cognition, social communication, 
social motivation and autistic mannerisms) which each subscale assessing a different 
dimension of ASD symptomology. Example of subscale items can be found in Table 2.2. 
Scores per subscale range from 8-22. Raw summary score, raw score per subscale, 
summary T-score, and T- score per subscale can be calculated for each participant; higher 
T-scores suggesting greater social impairment. T-scores are used to place the participant 
on an overall classification level (normal, mild or severe) and a classification level within 
each subscale (normal, mild or severe). 
Each subscale addresses a specific dimension of ASD impairment. For example, 
the SRS-Social Awareness subscale measures the participant’s ability to recognize the 
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emotional and interpersonal cues of others. Some questions included in this subscale are 
(1) “is aware of what others are thinking or feeling” and (2) “focuses his attention to 
where others are looking or listening.” The SRS-Social Cognition subscale relates to the 
participant’s ability to analyze and interpret social information. Questions included in this 
subscale are “takes things too literally and doesn’t get the real meaning of a 
conversation,” and “concentrates too much on parts of things rather than seeing the whole 
picture.” The SRS-Social Motivation subscale relates to the participant’s drive to 
participate in social situations; this variable is an index of the participant’s social 
apprehension and social avoidance. Some questions included in this subscale are “would 
rather be alone than with others,” and “is too tense in social settings.” The SRS-Autistic 
Mannerisms subscale was designed to assess the non-social primary diagnostic features 
of ASD (e.g., preoccupations, rigidity, stereotyped behaviors). Questions included in this 
subscale are “has repetitive odd behaviors, such as hand flapping or rocking,” and 
“[shows] strange ways of playing with toys or games.” Higher scores on this subscale 
indicate greater occurrence of these atypical behaviors. 
 
[Table 2.2 about here] 
 
Broad Autism Phenotype Questionnaire. The Broad Autism Phenotype Questionnaire 
(BAPQ) is a 36-item, self-report questionnaire that was designed to measure autistic 
phenotypic traits in non-autistic individuals (Hurley, Losh, Parlier, Reznick, & Piven, 
2007). Responses are made on a 6-point scale (very rarely, rarely, occasionally, 
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somewhat often, often, very often). On each item participants can score from 1-6. Scores 
range from 36 to 216, with higher scores suggesting significant levels of autistic traits. 
The questionnaire can be divided into three subscales, with each subscale assessing a 
different dimension of ASD symptomology; (1) the BAPQ-Aloof subscale measures 
“aloof personality” or lack of interest in or enjoyment of social interaction, (2) the 
BAPQ-Pragmatic language subscale measures impairments in language and social 
communication, and (3) the BAPQ-Rigidity subscale measures “rigid personality” or 
need for sameness, difficulty adjusting to change (Hurley et al., 2007). The subscales of 
the BAPQ are meant to correspond to the primary features of ASD; impairments in social 
interaction, deficits in social communication, and restricted behavior patterns (Hurley et 
al., 2007). Each subscale has 12 items, total subscale scores range from 12-72, with 
higher scores suggesting more severe ASD symptom severity.  
Apparatus 
The same apparatus was used in Experiments 1-3. The embedded figures test was 
presented using E-prime 1.2 software (Psychology Software Tools, Inc.) on a Pentium IV 
3.2 GHz ⁄ 2 GB PC with a 19 inch LCD display. Participants were seated approximately 
60 cm from the computer screen. Test responses were collected via button box. 
Participants’ point of gaze was registered using a Tobii 1750 eye-tracker (60Hz). 
This eye-tracking system was completely non-invasive, unobtrusive; participants did not 
need to constrain head or body movements. Near infrared illumination of the eyes and 
two image sensors were used to capture and track eye-movements. The eye-tracker was 
calibrated (using 5-point calibration) for each participant; during calibration participants 
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followed a red dot as it moved to specific points on the monitor. This information was 
later used to provide an accurate estimation of eye-movements.  
Stimuli 
The objective of the embedded figures test was for participants to choose which shape 
(the correct target, or incorrect distractor shape) was embedded in a complex figure. A 
correct target shape was always embedded in the complex figure. A modified version of 
the embedded figures test (Keehn et al., 2009) was adapted. Additional figures were 
designed, resulting in 64 test complex figures and 32 baseline complex figures. All 
figures were colored to increase task difficulty (Witkin, 1950). Two shapes (target and 
distractor) were presented below a complex figure. Baseline trials employed the same 
format, except the correct target shape was outlined in white in the figure (see Figure 2.1 
for an example of test and baseline condition); thus, the baseline condition removed the 
search component of the task. None of the shapes (target, distractor) or complex figures 
were rotated. Target and distractor shapes consisted of the eight shapes from the original 
embedded figures test (Witkin, 1950). All shapes were presented on a gray background. 
Each shape was divided into three parts, to create a counterpart that matched in every 
way except for this segmentation; these shapes were designed in an effort to introduce 
distracting local detail to the shapes (see Figure 2.1b, bottom shapes). 
At a viewing distance of approximately 60 cm, targets subtended 1.9–7.1° by 1.9–
6.3° visual angle and complex figures subtended 2.9–13.8° by 3.3–9.52° visual angle.  
 
[Figure 2.1 about here] 
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Design 
The experiment was divided into three sections: practice, test, baseline. The test portion 
was divided into two blocks. During the test portion 64 unique complex figures were 
employed. Each figure was presented twice during test (once in each block); once where 
the shapes (target and distractor) were shaded (the detail condition), once where they 
were not shaded. The baseline section followed the same format except it consisted of 32 
trials-per-block. Each target shape was presented 8 times over the course of the test 
blocks, and 4 times during baseline trials. To ameliorate practice effects, each trial within 
each block consisted of a unique pairing of the target shape and complex figure. Trials 
within each block were presented in random order. 
 Several factors were coded with the objective of clarifying the variables that 
affect embedded figures test performance; detail, figure complexity, target colors, color 
beyond, and distractor difficulty. First local distracting detail was added to the target and 
distractor shapes. For each shape (which were uniform white) a ‘detail’ counterpart was 
created by adding segmental shading, thus partitioning the shape into three distinct units 
(see Figure 2.1b for example of detail variable). Regarding the figure complexity variable, 
the number of units (parts/segments) within the figure were counted, with more units 
indicating greater figure complexity (e.g. Figure 2.1a figure complexity = 18). Figure 
complexity ranged from 1-108. The target color variable referred to the number of 
different colors inside the target when it was shown in the embedded figure display (e.g. 
Figure 2.1a, target colors = 3). The amount of target colors ranged from 1-3 colors. The 
color beyond variable was defined as the number of times a color in the target shape 
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(within the figure) continued beyond the target and into its surround within the figure 
(e.g. Figure 2.1a, color beyond = 5). This variable was created as an index of the degree 
to which the target matches its surrounding field. Color beyond ranged from 0-14. 
Finally, distractor difficulty was coded for distractor viability; highly viable distractors 
being more readily (incorrectly) seen in the complex figure. Each figure’s distractor was 
coded as 1 (not viable, easy), 2 (potentially viable, medium), and 3 (highly viable, 
difficult). 
Procedure 
The task was a forced-choice format. Participants were asked to respond (via button box) 
to whether the correct target shape was on the left or right  (‘1’ for left, ‘2’ for right). 
Stimuli were presented for 6000 ms, followed by a fixation cross (presented for 1000 
ms). Participants were instructed to respond as quickly as possible and try to avoid errors. 
A set of practice images was administered with corrective feedback to help familiarize 
participants with the experiment. 
Results 
Behavioral Results 
For the baseline condition (where the target was outlined in white in the figure) response 
times were examined to ensure there was no overall group difference in motor response; 
there was no significant difference between ASD and control participants, t(38) = -.41, p 
= .68 (two-tailed; across all experiments, unless otherwise stated, all t-tests were two-
tailed).  
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A repeated measures analysis of variance (ANOVA) was conducted with a 
between-subjects factor of group (ASD, NC) and within-subjects factor of condition (test, 
baseline) for response time and accuracy. Response time and eye-movement data were 
analyzed for correct trials only. Across all experiments, unless otherwise stated, results 
remained even when age and full scale IQ were added as covariates. 
Response Time. There was a significant main effect of condition F(1, 38) = 
772.14, p < .001); response time was significantly longer in the test (M = 2688.70, SE = 
78.57) versus baseline (M = 793.78, SE = 748.79) condition. There was no significant 
effect of group, nor were there any significant interactions between group and condition.  
Accuracy. There was a main effect of condition F(1, 38) = 289.80, p < .001); 
accuracy was significantly higher in the baseline (M = 98.5, SE = 0.2) versus test 
condition (M = 75.7, SE = 1.3). There was also a significant main effect of group, F(1,38) 
= 12842.43, p = .03, and group by condition interaction, F(1,38) = 4.34, p < .04 (see 
Figure 2.2). An independent samples t-test revealed the ASD group (M = 78.6, SE = 1.9) 
had significantly better accuracy than controls (M = 72.8, SE = 1.8) during the test 
condition, t(38) = -2.17, p = .04; however, there were no significant group differences in 
accuracy during the baseline condition.  
 
[Figure 2.2. about here] 
 
Eye-Movement Results 
Fixation duration (mean length of fixations per trial), frequency (number of fixations per 
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trial), and looking time (total time spent looking at stimuli) data were collected from 
stimulus onset until participant response. Fixations were defined as eye gaze positions 
focused within an area of 1° visual angle and maintained for longer than 100ms. Regions 
of interest were defined as figure, distractor and target by separating the stimulus into 
relevant sections. Participants with missing eye-movement data (e.g. scanner did not pick 
up eye movements) for 32+ test trials (25% of test trials) were excluded from the analysis 
(2 ASD and 3 NC participants were excluded).  
Fixation Duration, Fixation Frequency and Looking Time. Eye-movement 
data were analyzed for test trials only. An independent samples t-test was conducted to 
examine overall group differences. There were no significant group differences in 
fixation duration, fixation frequency, or looking time.  
To examine the effect of region of interest, a separate repeated measures ANOVA 
was conducted for each dependent variable (fixation duration, fixation frequency, looking 
time) with a between-subjects factor of group (ASD, NC) and within-subjects factor of 
region of interest (figure, correct target, distractor). 
For fixation duration, there was a significant main effect of region of interest; F(2, 
66) = 512.20, p < .001); fixation duration to the complex figure (M = 754.60, SE = 20.12) 
was significantly longer than to the correct target (M = 239.41, SE = 9.18) or distractor 
(M = 188.81, SE = 9.48), and fixation duration to the correct target was significantly 
longer than to the distractor. There was no significant effect of group or group interaction 
effects. See Figure 2.3 for illustration of findings. 
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[Figure 2.3 about here] 
 
For fixation frequency, there was a significant main effect of region of interest; 
F(2, 66) = 682.77, p < .001); fixation frequency to the complex figure (M = 2.50, SE = 
.07) was significantly greater than to the correct target (M = 1.27, SE = .05) or distractor 
(M = .82, SE = .03), and fixation frequency to the correct target was significantly greater 
than to the distractor. There was no significant effect of group or group interaction 
effects. See Figure 2.4 for illustration of findings. 
 
[Figure 2.4 about here] 
 
For looking time, there was s significant main effect of region of interest; F(2, 66) 
= 424.94, p < .001); looking time to the complex figure (M = 1850.15, SE = 77.43) was 
significantly longer than to the correct target (M = 346.70, SE = 17.30) or distractor (M = 
230.68, SE = 12.41), and looking time to the correct target was significantly longer than 
to the distractor. There was no significant effect of group or group interaction effects. See 
Figure 2.5 for illustration of findings. 
 
[Figure 2.5 about here] 
 
Task Performance and ASD Social Symptom Severity  
In both groups, ASD symptom severity was assessed using the BAPQ. The BAPQ 
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variables used in the correlation analyses were the total overall summary score and 
summary score per subscale (aloof, pragmatic language and rigidity). In the ASD group 
ASD symptom severity was also measured using the SRS. The SRS measures used were 
the summary t-score and t-score for each subscale (social awareness, social cognition, 
social communication, social motivation and autistic mannerisms).  
Partial correlations, controlling for age and IQ, investigated if there was any 
association between task performance (response time, accuracy, fixation duration, 
fixation frequency, looking time) and ASD social symptom severity (BAPQ summary 
score and subscale scores, in ASD group only SRS summary score and subscale scores). 
Correlations were conducted separately for each group. 
Behavioral Correlations. In both groups there were no significant correlations 
between any of the BAPQ measures (total score, score per subscale) and task 
performance (response time, accuracy). In contrast, in the ASD group there was a 
significant negative correlation between response time and the SRS-Social Awareness 
subscale (recognition of social cues), r = -.50, p =.04; the higher ASD social severity, the 
faster response time (see Figure 2.6).  
 
[Figure 2.6 about here] 
 
Eye-Movement Correlations. In the ASD group there were significant negative 
correlations between fixation duration and (1) the SRS-Social Motivation subscale, r = -
.57, p =.02, (2) the BAPQ summary score, r = -.59, p =.02, and (3) the BAPQ-Aloof 
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subscale, r = -.59, p =.01. There was a trend toward a negative correlation between 
fixation duration and the SRS-Autistic Mannerisms subscale (r = -.47, p =.06). There was 
also a significant negative correlation between fixation frequency and the SRS-Social 
Awareness subscale, r = -.54, p =.03. Finally, there were also negative correlations 
between looking time and the (1) SRS summary score, r = -.49, p =.05, (2) SRS-Social 
Awareness subscale, r = -.67, p < .001, and (3) SRS-Social Cognition subscale, r = -.53, 
p =.03. In the NC group there was a significant positive correlation between fixation 
frequency and the BAPQ-Aloof subscale, r = .68, p = .005; fixation duration and looking 
time had no significant correlations. 
Effect of Task Variables 
Novel variables (detail, figure complexity, target colors, color beyond, distractor 
difficulty) were monitored to further expound on what affects participant performance on 
the embedded figures task. Separate repeated measures ANOVAs were conducted to 
examine the effect of these factors on test trials (there were no group differences or group 
interactions in baseline trials). For all the statistical tests the dependent measures were 
response time and accuracy. Significant effects previously discussed are not repeated 
here; the analyses focused on the effect of each variable on task performance, and any 
group interactions with the variable. 
Effect of detail. In half of the trials target and distractor shapes were divided 
using shading, in an effort to introduce distracting local detail. A repeated measures 
ANOVA was conducted with a between-subjects factor of group (ASD, NC) and within-
subjects factor of detail (no detail, detail). There was no significant effect of detail for 
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response time or accuracy. There were no significant group x detail interactions for 
response time or accuracy. 
Effect of figure complexity. The figure complexity variable was defined as 
number of parts (segments) within each complex figure. Figure complexity ranged from 
1-108. Complex figures were divided into three complexity groups; group 1 (lower third 
of range, 11-16), 2 (middle third of range, 17-25), and 3 (top third of range, 26+).  
A repeated measures ANOVA was conducted with a between-subjects factor of 
group (ASD, NC) and within-subjects factor of complexity (low, medium, high). For 
response time, there was a main effect of complexity, F(2,76) = 14.39, p < .001. Post hoc 
comparisons showed all participants were significantly slower at lower complexity (M = 
2836.78, SE = 86.32) than medium (M = 2688.26, SE = 87.19) and high complexity (M = 
2608.45, SE = 78.23) figures; there was no significant difference between medium and 
high complexity figures. There were no significant group interaction effects. 
For accuracy, there was also a significant main effect of complexity, F(2,76) = 
14.85, p < .001. Post hoc comparisons showed a significant difference between all 
complexity levels; high complexity figures (M = 79.0, SE = 1.4) had greater accuracy 
than medium complexity figures  (M = 75.3, SE = 1.3), which had greater accuracy than 
low (M = 70.6, SE = 2.1) complexity figures. Participant accuracy increased as 
complexity increased. There were no significant group interaction effects.  
Effect of target colors. The target colors variable was defined as the number of 
colors in the correct target when it appeared within the complex figure; targets either had 
1, 2 or 3 colors. The number of target colors (within the complex figure) was divided into 
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three target color groups; groups 1, 2, and 3 which were composed of targets with 1, 2, or 
3 colors, respectively.  
A repeated measures ANOVA was conducted with a between-subjects factor of 
group (ASD, NC) and within-subjects factor of color (1, 2, or 3 colors). For response 
time, there was a significant effect of target color, F(2, 76) = 12.87, p < .001); 
participants were significant slower when the target (within the complex figure) had two 
colors (M = 2828.84, SE = 89.64) versus one color (M = 2541.88, SE = 84.50) or three 
colors (M = 2643.94, SE = 78.03). There were no significant differences in response time 
between groups 1 and 3. There were no significant group interaction effects. 
For accuracy there were no significant main effects or group interaction effects.  
Effect of color beyond. The color beyond variable was defined as the number of 
times a color in the target shape (within the complex figure) extended beyond the 
periphery of the target (within the complex figure). This variable was calculated as a way 
to measure how much the target matched its surround in the complex figure. Color 
beyond ranged from 0-14. Figures were divided into three color beyond groups; group 1 
(no color beyond), 2 (lower portion of range, 1-4), and 3 (top portion of range, 5+). 
A repeated measures ANOVA was conducted with a between-subjects factor of 
group (ASD, NC) and within-subjects factor of color beyond (none, low, high). For 
response time, there was a significant main effect of color beyond, F(2,76) = 33.39, p < 
.01. Post hoc comparisons showed a significant difference between all color beyond 
levels; high (M = 2559.73, SE = 79.22) was faster than low (M = 2640.35, SE = 73.81), 
which was faster than no color beyond (M = 2871.73, SE = 92.31); participants got faster 
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as color beyond increased. There were no significant group interaction effects. 
For accuracy, there was also a significant effect of color beyond, F(2. 76) = 16.60, 
p < .001. Post hoc comparisons showed participants were less accurate for no color 
beyond (M = 70.7, SE = 1.4) than low color beyond (M = 77.4, SE = 1.4) and high color 
beyond (M = 79.3, SE = 2.0). There was no significant difference between the low versus 
high levels. There were no significant group interaction effects. 
Effect of distractor difficulty. For each figure, its distractor was coded as 1 
(easy), 2 (medium), or 3 (hard). Figures were divided into three difficulty groups; 1 
(easy), 2 (medium), 3 (hard). 
A repeated measures ANOVA was conducted with a between-subjects factor of 
group (ASD, NC) and within-subjects factor of distractor difficulty (easy, medium, hard). 
For response time, there was a main effect of distractor difficulty, F(2, 76) = 101.12, p < 
.001. Post hoc comparisons showed a significant difference between all difficulty levels. 
Response time for easy distractors (M = 2383.76, SE = 76.15) was faster than for medium 
distractors (M = 2784.82, SE = 84.04), which was faster than for hard distractors (M = 
2939.18, SE = 86.82); participants got slower as distractor difficulty increased. There 
were no significant group interaction effects. 
For accuracy, there was also a significant main effect of distractor difficulty, 
F(2,76) = 144.13, p < .001. Post hoc comparisons showed a significant difference 
between all difficulty levels. Easy distractors (M = 89.1, SE = 1.2) had higher accuracy 
than medium distractors (M = 76.1, SE = 1.7), which had higher accuracy than hard 
distractors (M = 64.7 SE = 1.7); participants got less accurate as distractor difficulty 
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increased. There was a trend toward a group interaction effect, F(2.76) = 2.77, p = .07. 
Independent samples t-tests revealed there were no significant group differences on easy 
(t(38) = -.85, p = .40) or medium difficult items (t(38) = -1.62, p = .11); however, the 
ASD group (M = 69.1, SE = 2.7) was significantly more accurate than controls (M = 60.2, 
SE = 2.1) on the most difficult items (t(38) = -2.61, p = .01).  
Interactions among variables in the embedded figures task. To investigate if 
there was any relationship between task variables, Pearson correlational analyses were 
conducted using the following variables: figure complexity, color beyond, target colors, 
and distractor difficulty. There was a significant positive correlation between figure 
complexity and (1) color beyond, r = .48, p <.001, and (2) target colors, r = .27, p =.03. 
There was also a significant positive correlation (r = .37, p =.002) between target colors 
(number of colors in target shape embedded within the complex figure) and color beyond 
(number of times color extended beyond periphery in target embedded in complex 
figure). Variable correlations are shown in Table 2.3.  
 
[Table 2.3 about here] 
 
Effect of variables on task performance. Multiple regression analyses were 
conducted to determine which factors greatest contributed to task performance (see Table 
4). The predictor variables were speed and accuracy. Figure complexity, target colors, 
color beyond, and distractor difficulty were entered as the independent variables. The 
analysis was conducted for each group separately.  
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Response Time. In the ASD group distractor difficulty was found to be a 
significant predictor of response time; response time increased as distractor difficulty 
increased. In controls distractor difficulty (response time increased as distractor difficulty 
increased) and color beyond (response time got faster as color beyond increased) were 
found to be significant predictors.  
Accuracy. In the ASD group distractor difficulty and target colors (number of 
colors in target within figure) were found to be significant predictors of accuracy; 
accuracy decreased as distractor difficulty increased, and accuracy increased as target 
colors increased (see Table 2. 4). This same pattern was observed in controls; distractor 
difficulty and color were also found to be significant predictors (accuracy decreased as 
distractor difficulty increased, and accuracy increased as color increased).  
 
[Table 2.4 about here] 
 
Discussion 
The present study examined response time, accuracy and eye-movement behavior during 
a novel embedded figures test.  Consistent with previous studies, we found that ASD 
participants outperformed controls (as indicated by greater accuracy). We observed no 
group differences in fixation duration, fixation frequency, or looking time; however eye-
movement findings correlated with several measures of ASD symptom severity. We also 
found a significant relationship between faster response time and increased ASD social 
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symptom severity. Finally, we identified several key variables that affect embedded 
figures test performance.  
Superior ASD Performance on Novel EFT Task 
We observed superior ASD performance (greater accuracy) in test trials only, where a 
local processing strategy would be advantageous. The ASD advantage disappeared 
during the baseline condition, where a local processing bias would no longer be 
beneficial. These findings confirm previous research showing superior disembedding 
ability in individuals with ASD; however, the present study extends this finding to a 
novel embedded figures paradigm.  
Relationship between Enhanced Visual Perceptual Functioning and ASD Severity 
We observed overall no group differences in fixation duration, fixation frequency, or 
looking time. Moreover we observed no overall group differences in allocation of 
attention (as suggested by the regions of interest analysis). Keehn and colleagues (2009), 
in a paradigm upon which the current study was based, reported decreased fixation 
duration in the ASD sample. Moreover, group differences in fixation duration were 
driven by fixation duration for the complex images (not fixation duration for the target 
shapes). It is also important to note Keehn et al. (2009) employed a target present/absent 
format (no accuracy results were reported in this study, therefore there is no information 
about a response bias). There are several reasons for our null finding. First, perhaps our 
conservative sample size was too small to reveal any group differences; however, Keehn 
and colleagues (2009) had an even smaller sample size (n = 12). While replication of this 
study with a larger sample size would be beneficial, this may not be the primary reason 
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for our null finding. Another reason could be participant age. Keehn and colleagues 
(2009) examined ASD children. Evidence suggests experimental tasks may be more 
sensitive to group differences in younger, developing participants (Klin et al., 1999; 
Sasson, 2006). For example, Edgin and Pennington (2005) observed that at younger ages 
(e.g. 6 years old), the ASD group outperformed controls; performance was more 
comparable between groups at older ages (e.g. 16 years). Future replication of this study 
with younger participant sample would be useful. 
 We found that both participant groups displayed no group differences in attention 
deployment or allocation; yet, the ASD group was able to correctly detect more target 
shapes. This is intriguing. Both groups spent approximately the same amount of time, 
looking at the same areas on the screen, yet the ASD group was somehow able to 
perceive the correct response with greater efficiency than controls. Perhaps in this 
paradigm, eye-movement information was not sufficient to elucidate group differences in 
underlying strategy. Our behavioral findings suggest the ASD group is using some type 
of more efficient strategy to outperform controls (results suggest ASD participants were 
not as fooled by difficult distractors). Perhaps an imaging study employing this novel 
paradigm would be beneficial to uncovering additional group differences. For example, 
fMRI studies have reported decreased frontal cortical activation in ASD participants 
during the embedded figures test (Lee et al., 2007; Ring et al., 1999), suggesting reduced 
perception of the gestalt of the complex images; and also increased occipital activation 
(Lee et al., 2007) suggesting enhanced local perception. A future study employing fMRI 
during this novel embedded figures task would help elucidate any group differences in 
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underlying strategy and neural mechanisms.      
An interesting caveat to our eye-movement data null findings, were the robust 
ASD severity correlations. We observed a significant correlation between shorter fixation 
duration and three measures of ASD social symptom severity (SRS-Social Motivation 
subscale, BAPQ overall, and BAPQ-Aloof subscale). We reported a trend between 
shorter fixation duration and a measure of ASD non-social symptom severity (SRS-
Autistic Mannerisms subscale). We also reported a significant association between less 
fixations and a measure of ASD social symptom severity (SRS-Social Awareness 
subscale); however, in controls greater ASD social severity (BAPQ-Aloof subscale) was 
associated with more fixations. Finally, we found a significant association between 
shorter looking time and several measures of ASD social symptom severity (SRS 
Overall, SRS-Social Awareness subscale, SRS-Social Cognition subscale). 
The BAPQ was designed to measure the presence of autistic-like traits in typical 
and clinical samples. The BAPQ-Aloof subscale was intended to measure the presence of 
social interaction impairments. High scores on the aloof subscale are indicative of “a lack 
of interest in or enjoyment of social interaction” (Hurley et al., 2007, pg. 1681). The SRS 
was designed to assess the severity of ASD symptoms in individuals with ASD, with 
respect to the social environment (Constantino & Gruber, 2005; Constantino et al., 2007). 
Each subscale addresses a specific dimension of ASD impairment. The SRS-Social 
Awareness subscale concerns the participant’s ability to pick up social cues, while the 
SRS-Social Cognition subscale deals with the participant’s interpretation of those social 
cues; the SRS-Social Motivation subscale concerns the overall drive towards engaging in 
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social interaction. The SRS-Autistic Mannerisms subscale was designed to assess the 
non-social primary diagnostic features of ASD (e.g., preoccupations, rigidity, stereotyped 
behaviors). 
We found some ASD group specific associations between enhanced visual 
perception (reduced fixation duration, fixation frequency, looking time) and ASD 
symptom severity. The weak central coherence and enhanced perceptual functioning 
accounts have different predictions regarding the relationship between enhanced visual 
perception in ASD and symptom severity. Both accounts agree that enhanced visual 
perception is a primary feature of ASD. The weak central coherence hypothesis proposes 
enhanced visual perception leads to an over focus on local features, at the expense of 
global wholes; thus the weak central coherence account predicts enhanced visual 
perception should negatively impact social cognitive abilities (a function heavily reliant 
on integration and contextual processing). The enhanced perceptual functioning 
hypothesis asserts superior processing of local elements in ASD is not associated with 
impaired global processing. This theory does not make any clear predictions concerning 
an association between enhanced visual perception and impaired social functioning in 
ASD. Our correlation results provide support for the weak central coherence account.  
As previously stated, we observed an association between measures of enhanced 
visual perception and several measures of ASD social severity (e.g. SRS-Social 
Cognition subscale, SRS-Social Awareness subscale, BAPQ-Aloof subscale). The SRS-
Social Cognition subscale correlation is especially intriguing. This subscale measures 
how the participant interprets and analyzes social cues. A number of the questions of this 
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subscale pertain to the participant’s ability to integrate context during social interactions. 
It is interesting that in the ASD sample we found a significant association between a 
reduced ability to integrate context  (in the social environment) and enhanced visual 
perception, the exact premise of the weak central coherence hypothesis. It is also 
interesting that we observed the opposite pattern in our control sample; enhanced visual 
perception (reduced fixation frequency) was associated with reduced ASD severity 
(lower scores on the BAPQ Aloof subscale). This suggests, this relationship between 
enhanced visual perceptual ability and increased social impairment is perhaps a distinct 
feature of the ASD population only. 
 We also reported a trend towards an association between enhanced visual 
perception (reduced fixation duration) and a non-social symptom of ASD severity (SRS-
Autistic Mannerisms subscale). This was only a trend, but we specifically examined this 
relationship because of an ongoing debate about the link between atypical visual 
perception in ASD and non-social diagnostic symptoms (e.g. restricted interests, 
repetitive behaviors). Some groups have reported no relationship between these variables 
(Chen, Rodgers, & McConachie, 2009; Pellicano et al., 2006; South, Ozonoff, & 
McMahon, 2007). Baron-Cohen and Belmonte (2005), however, proposed that the 
restricted interests and repetitive behaviors observed in ASD are in part an effort to deal 
with overstimulation. Mottron and colleagues (2007) proposed some ASD mannerisms 
like lateral glances (looking at an object through the corner of ones eyes) are a 
compensatory mechanism in some individuals with ASD to deal with hypersensitivity. 
Both proposals suggest that enhanced sensitivity to stimuli and atypical mannerisms are 
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connected in some ASD individuals. In these individuals atypical mannerisms may be 
developed in an effort to control overstimulation. According to these proposals, there 
should be a relationship between enhanced visual perception and ASD mannerisms. In 
our study we observed a trend between enhanced visual perception and ASD 
mannerisms. Perhaps a future study with a larger sample size would better elucidate this 
relationship. Russell-Smith et al. (2012) asserted that while there was a strong theoretical 
account of the link between atypical processing and non-social ASD symptoms, more 
empirical research was needed before any conclusive claims could be made. Our finding 
suggests there may be some empirical basis to the theoretical accounts.  
Relationship between Superior EFT Performance and ASD Social Severity 
In the original weak central coherence hypothesis, the local processing bias and social 
impairments in ASD had a causal link. Difficulty pulling information together for more 
coherent meaning was proposed to contribute to impairments in social communication 
and interaction in ASD (Frith, 1989; Frith & Happé, 1994). Since this initial proposal 
there has been some debate about the relationship between cognitive processing style and 
ASD social impairments. On one hand, it is easy to see how impairments processing 
context and understanding gist would negatively affect social communication and 
interaction. Indeed a number of groups have reported just this finding, that is a significant 
correlation between a local processing bias and reduced performance on social tasks 
(Baron-Cohen & Hammer, 1997; Jarrold et al., 2000). It has even been proposed that the 
local processing bias in ASD impedes face processing and recognition (Behrmann, 
Thomas, & Humphries, 2006; Burnette et al. 2005). Still a number of groups have 
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reported no such correlation between ASD social impairments and a local processing bias 
(Burnett et al., 2005; Morgan et al., 2003; Pellicano et al., 2006). The debate is ongoing. 
Our findings support the notion that these two processes (local processing bias and social 
impairment) are linked.  
Our findings also suggest there may be a great deal of variability in processing 
style within the ASD population. Frith and Happé (2006) proposed that perhaps cognitive 
style lies on a continuum, with people with ASD towards one end and typicals towards 
the other. Within each group, however, there is considerable variability. Our findings 
suggest that perhaps a local processing bias in ASD may be more readily apparent as 
severity increases. This may have some neural and developmental implications. For 
example, perhaps in ASD some neurodevelopmental abnormality (e.g. brain overgrowth 
and/or impaired pruning; Courchesne et al., 2007) makes global processing difficult and 
thus disproportionately impairs social functioning. Perhaps high-functioning individuals 
are better able to control and/or compensate for the over-focus on detail, therefore social 
impairments are less impaired. This is speculative, but informative nonetheless. A 
longitudinal study, employing ASD participants across severity levels, would help 
elucidate the progression of cognitive processing style in ASD, and the relationship 
between cognitive processing and social impairments in this disorder. 
Variables that Affect Embedded Figures Task Performance 
The embedded figures test has been used by many groups, yet to the best of our 
knowledge, we are the first group in the ASD literature to meticulously examine what 
variables affect participant performance on this task. We examined the effect of novel 
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variables (detail, figure complexity, target colors, color beyond, distractor difficulty) to 
help elucidate the factors that affect embedded figures test performance. We found no 
effect of the detail variable. Regarding figure complexity, greater complexity was 
associated with better participant performance (faster response times and higher 
accuracy). More target colors (colors of target within the complex figure) was associated 
with higher accuracy. More color beyond (number of times colors extended beyond the 
target within the complex figure) was associated with better participant performance 
(faster response times and better accuracy). Finally, greater distractor difficulty was 
associated with poorer participant performance (slower response times and lower 
accuracy).  
We were surprised to find no effect of the detail variable; however, perhaps on 
this task participants are so drawn to the figure (they spent most of their looking time at 
the complex figure), that any task-irrelevant detail within the target is not conspicuous 
enough to deter attention. We were also surprised to find that greater figure complexity 
aided participant performance. One would presume that greater complexity would be 
more distracting; however, perhaps greater complexity actually helps to break up the 
gestalt of the complex figure. It has been proposed that the embedded figures test is 
difficult for typicals because of the natural tendency to perceive the gestalt; a successful 
strategy on this task would be to attempt to “break up” the complex images (Witkin, 
1950). Perhaps, greater complexity aids the ability to break up the complex image. The 
effect of target colors within the figure was not immediately clear, regression analyses 
(discussed later) helped clarify the effect of this variable on task performance. We found 
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the effect of color beyond to be interesting. We believed greater color beyond would 
suggest that the target more matched its surround within the complex figure; therefore, 
the target should be less easily detected. Perhaps this variable is simply another index of 
complexity, as having more segments with color bleeding out, probably suggests the 
figure also has more segments (greater complexity). Accordingly, we found a significant 
correlation between color beyond and complexity (mentioned later). Finally, we also 
reported an effect of distractor difficulty; the more likely a distractor could be mistakenly 
perceived in the complex image, the longer it took participants to respond and the more 
likely participants would incorrectly choose this distractor (reduced accuracy). We also 
reported a significant group interaction effect for this variable; the ASD group was more 
accurate on only the most difficult distractor items. More difficult distractors impaired 
accuracy for both groups; but on the most difficult distractor items, ASD participants 
were less fooled by these viable distractors.    
We also examined relationships between these task variables and found positive 
correlations between figure complexity, target colors, and color beyond. None of these 
correlations were surprising. These findings suggest that with greater complexity, the 
target (within the complex figure) also had more segments with different colors, and 
therefore a greater opportunity for one of these segments to “bleed out” (i.e. color 
beyond). Regression analyses helped clarify which variables had the greatest effect on 
participant performance. 
 To directly address the issue of the variables that most significantly affect EFT 
performance, we conducted regression analyses. For both groups (1) increased distractor 
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difficulty was associated with slower response time and reduced accuracy, and (2) greater 
number of target colors within the complex figure was associated with higher accuracy. 
In the NC group only greater color beyond was associated with faster response time. The 
performance effects of color beyond and distractor difficulty were expected considering 
previous analyses. The effect of color was somewhat surprising. We expected that more 
target color within the complex figure would be more distracting. However, another 
possibility is that, like the effect of complexity, perhaps greater amount of target color 
helps to “break up” the target and complex image, thus making target extrication easier. 
A consistent theme was that the variables that helped to break up the gestalt of the 
complex image were beneficial to participant performance. 
No other research group has so systematically examined the variables that affect 
embedded figures test performance in ASD individuals and matched controls. We found 
that distractor difficulty appears to have the most powerful effect on participant 
performance. Also, variables that help break up the gestalt of the complex image 
ameliorate the difficulty of this task. These findings will be helpful towards the design 
and implementation of future embedded figures paradigms.  
Summary 
The objective of the present study was to investigate if people with ASD see the world in 
a fragmented manner. To empirically examine this concept we designed a novel 
embedded figures paradigm. The behavioral finding of increased accuracy among the 
ASD sample suggests that a local processing bias may underlie perception in ASD. 
Perhaps most intriguing was the observed relationship between increased ASD symptom 
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severity, a local processing bias, and enhanced visual perceptual functioning. These 
findings combined suggest a bias towards viewing the world in fragments is a feature of 
ASD, moreover this abnormality in processing may be related to the behavioral 
impairments observed in this disorder.   
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Figure Captions 
Figure 2.1 Illustration of test trial (a) and baseline trial (b) used in embedded figures task. 
In this illustration, correct target is on the left. For each shape a ‘detail’ counterpart was 
created by adding segmental shading. Example of detail condition shown in (b, bottom 
shapes). 
 
Figure 2.2 Mean proportion of correct responses as function of condition. Error bars 
represent standard errors of means. 
 
Figure 2.3 Mean fixation duration for correct trials only to regions of interest. Error bars 
represent standard errors of means. 
 
Figure 2.4 Mean fixation frequency for correct trials only to regions of interest. Error 
bars represent standard errors of means. 
 
Figure 2.5 Mean looking time for correct trials only to regions of interest. Error bars 
represent standard errors of means. 
 
Figure 2.6 Scatterplot of significant correlation between SRS-Social Awareness subscale 
and response time on test trials. 
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Tables 
Table 2.1 Participant Characteristics 
 ASD (n = 20) 
M (SE) 
Control (n = 20) 
M (SE) 
Age (years) 20.1 (.8) 19.6 (.3) 
Verbal IQ 100.5 (4.4) 100.1 (3.8) 
Nonverbal IQ 108.4 (2.9) 102.2 (3.0) 
Full IQ 105.3 (3.7) 101.6 (2.9) 
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Table 2.2 Subscales of ASD Symptoms Assessed by the Social Responsiveness Scale 
Subscale Domain of Autistic 
Symptomology 
Item Example 
Social 
Awareness 
Recognition of social cues Focuses his attention to 
where others are looking or 
listening 
Social 
Cognition 
Interpretation of social cues Takes things too literally and 
doesn’t get the real meaning 
of a conversation 
Social 
Communication 
Response to social cues Is awkward in turn-taking 
interactions 
Social 
Motivation 
Social anxiety/avoidance Does not join group 
activities unless told to do so 
Autistic 
Mannerisms 
Characteristic autistic restricted 
or stereotyped patterns of 
behavior 
Thinks or talks about the 
same thing over and over 
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Table 2.3 Correlations between Embedded Figures Task Variables 
 Complexity Color Beyond Colors Distractor Difficulty 
Complexity  .48** .27* -.03 
Color Beyond .48**  .38** -.07 
Colors .27* .38**  -.16 
Distractor Difficulty -.03 -.07 -.16  
Complexity = number of parts in figure; color beyond =  number of times color in target 
extends beyond target periphery; colors = number of colors in target within figure; 
distractor difficulty = viability of distractor. * Significant at p < .05 (two-tailed); ** 
Significant at p < .01(two-tailed); Significant correlations in bold. 
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Table 2.4 Predictors of Performance on Embedded Figures Task  
Dependent 
variable 
Independent 
variables 
R square Adjusted 
R square 
Beta t p Value 
ASD mean 
response time 
Distractor 
Difficulty 
Complexity 
Color Beyond 
Color 
.190 .177 .436 
.051 
-.184 
-.122 
3.815 
.443 
-1.630 
-1.054 
<.001 
.660 
.108 
.296 
NC mean 
response time 
Distractor 
Difficulty 
Color Beyond 
Complexity 
Color 
.229 
 
 
 
.204 
 
271.476 
-37.252 
.162 
-.043 
3.608 
-2.022 
1.268 
-.348 
.001 
.048 
.210 
.729 
ASD accuracy Distractor 
Difficulty 
Color  
Complexity 
Color Beyond 
.421 .402 -.582 
.207 
.039 
.043 
-5.894 
2.097 
.383 
.408 
<.001 
.040 
.703 
.684 
NC accuracy Distractor 
Difficulty 
Color 
Complexity 
Color Beyond 
.540 .525 -.650 
.253 
.022 
.133 
-7.378 
2.873 
.241 
1.429 
<.001 
.006 
.810 
.158 
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Figures 
Figure 2.1 
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Figure 2.2 
 
 
  
70 
80 
90 
100 
Test Baseline 
A
cc
ur
ac
y 
Condition 
NC 
ASD 
	  	  
65 
Figure 2.3 
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Figure 2.4 
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Figure 2.5 
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Figure 2.6 
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CHAPTER THREE 
Study 2: Silhouette Tasks 
 
The “primacy of wholistic processing” (Kimchi, 1992), the “inevitability of global 
processing” (Navon, 1977), “a drive for meaning” (Bartlett, 1932); while different 
concepts, each term alludes to our natural tendency to integrate parts together to perceive 
wholes. The scientific notion that human visual perception is geared towards global 
processing can be traced to twentieth century Gestaltists, who asserted that perception is 
biased towards the processing of wholes (Wertheimer, 1938). Gestalt psychologists 
outlined fundamental principles for how typicals integrate parts to form coherent wholes. 
Towards the end of last century, Utah Frith coined the term central coherence, a 
natural drive to integrate details to achieve context, higher, more global meaning (Frith, 
1989).  Frith (1989) proposed this involuntary natural tendency is weak in people with 
ASD; these individuals, instead, excessively focus on local elements, while largely 
ignoring context. Frith was among the first to propose a theory that could account for 
both deficits and atypical strengths (e.g. savant skills, visual search, block design; Happé, 
1999) observed in ASD. Much of early research neatly fit the main tenets of weak central 
coherence (Frith & Snowling, 1983; Hermelin & O’Conner, 1967; Kanner, 1943; Shah & 
Frith, 1983; Snowling & Frith, 1986).  
A review of the literature today reveals more consistent evidence of superior local 
processing, but less consistent support for the diminished global processing aspect of the 
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weak central coherence hypothesis (Happé & Booth, 2008; Happé & Frith, 2006). In 
recent years the ASD literature has largely disregarded the investigation of global 
processing in favor of focusing on superior local processing in ASD (Happé & Booth, 
2008). Francesca Happé, one of the chief proponents of the weak central coherence 
hypothesis, has suggested the literature has prematurely abandoned the emphasis on 
global processing abnormalities in ASD (Happé & Booth, 2008). She implored 
researchers to employ paradigms that better examine the integration of local information 
in people with ASD, rather than merely utilizing traditional paradigms like the classic 
Navon task. Moreover, Kimchi (1992) suggests tasks examining the holistic properties of 
stimuli tell us more about global processing than tasks measuring precedence effects (like 
those assessed with Navon stimuli). The primary aim of this study was to revisit the 
notion of weak global processing in people with ASD. The present study employed a 
global form perception task, and global integration task to examine global perceptual 
ability in people with ASD. Findings should help inform some of the cognitive and neural 
accounts of this disorder. 
Possible Neural Mechanisms for Weak Central Coherence  
A chief critique of weak central coherence is that this theory does not suggest any 
concrete underlying neural mechanisms to account for the proposed atypical cognitive 
processing in ASD (Happé & Frith, 2006). Other research groups have proposed several 
possible neural accounts. While each account has subtle differences, these proposals are 
not necessarily mutually exclusive.  
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 The ‘underconnectivity’ hypothesis proposes reduced functional connectivity 
across brain regions is a primary feature of ASD (Just et al., 2004). Functional 
connectivity (the amount of neural connectivity across brain regions) was investigated 
during a sentence comprehension task (Just et al., 2004). Results showed decreased 
functional connectivity across the primary language areas in the ASD sample. This was 
cited as evidence of reduced coordination and communication between brain areas in 
people with ASD. The underconnectivity theory proposes long-range, inter-region 
connections are impaired in ASD, while local, intra-region connections are intact and 
even overabundant. Furthermore, this atypical neural circuitry could account for reduced 
integration of information and excessive focus on local elements in ASD (Just et al., 
2004). This theory predicts impairments in tasks that require a high amount of integration 
of information (e.g. social communication and interaction).  
 A related account, the ‘temporal binding deficit’ hypothesis, asserts impairments 
in temporal binding lead to reduced integration across brain areas in ASD. Temporal 
binding, or synchronization of neuron firings across brain regions, is imperative for inter-
region communication and successful integration of information (Brock, Brown, 
Boucher, & Rippon, 2002). The temporal binding hypothesis suggests that intact 
temporal binding within local brain networks, and impaired temporal binding between 
brain networks is what underlies atypical cognitive processing style in ASD. Brock and 
colleagues (2002) also proposed a developmental trajectory for this binding deficit. In 
newborns, brain regions become more specialized with time (Elman et al., 1996; 
O’Leary, 1989). As this specialization progresses, greater communication between brain 
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regions is required if information integration will occur (Brock et al., 2002). The 
temporal binding deficit hypothesis proposes that in individuals with ASD, specialization 
within brain regions occurs; however, communication between brain regions does not 
progress successfully. Cortical areas become more specialized and more isolated as 
development progresses. In people with ASD, as developmental continues integration 
within brain regions is spared, leading to intact or even enhanced local processing; 
however, communication across brain regions is impaired, leading to weak integration of 
information (Brock et al., 2002). Brock and colleagues (2002) cite a number of neural 
models and imaging studies in support of this account (for review see Brock et al., 2002). 
Whereas the underconnectivity hypothesis placed an emphasis on abnormal connections 
in ASD, the temporal binding hypothesis places emphasis on reduced synchronization of 
activation across brain regions. These proposals are not mutually exclusive. In addition, 
both accounts predict enhanced processing of features, and reduced integration of parts 
into wholes in individuals with ASD.  
Novel Global Processing Silhouette Tasks 
There is some evidence that individuals with ASD may have more difficulty with 
some types of global processing over others; more specifically, integration of local 
elements appears to be more difficult than mere global form perception. Deruelle, 
Rondan, Gepner, and Fagot (2006) presented a group of ASD children with a Navon task, 
and a configural processing task (participants had to match schematic face or geometric 
shape stimuli). In the ASD sample intact global form perception was observed on the 
Navon task; however, atypical configural processing was observed on the second task. 
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This suggests some types of global perception, namely tasks where more demanding 
integration is required, are more difficult for people with ASD. Moreover, Shalev (2007) 
proposed the formation of global constructs may be more time-consuming in ASD 
individuals.  
Several groups have observed reduced integration ability in people with ASD 
(Booth, Charlton, Hughes, & Happé, 2003; Jolliffe & Baron-Cohen, 2001; Nakano, Ota, 
Kato, & Kitazawa, 2010). Jolliffe and Baron-Cohen (2001) employed a modified version 
of the Hooper Visual Organization Test to examine integration ability in ASD. In this 
task line drawings were cut into pieces and participants had to identify the objects by 
visually integrating the pieces. The ASD group was less able to identify the objects from 
the fragments. Nakano and colleagues (2010) employed a modified integration task 
where participants were shown a portion of an object through a slit, by the end of each 
trial the whole image was perceived, but only one segment at a time; thus, integration of 
the segments, across time, was required. Findings showed ASD individuals were less able 
to integrate each image. This was cited as evidence of reduced integration in ASD, and 
support for the weak central coherence hypothesis. Both these studies suggest a reduced 
ability to integrate parts is a feature of processing style in ASD.  
We modified the traditional silhouette task in an effort to examine global 
processing ability in people with ASD, and to further investigate if some types of global 
processing are more problematic for these individuals. In the traditional silhouette task 
participants are shown silhouette figures created by darkening the internal features of line 
drawings of common objects. Participants are shown the line drawing and two silhouettes 
	  	  
74 
(the correct silhouette and a distractor silhouette) and must decide which silhouette 
matches the line drawing. This task has been used by a number of groups to examine 
global processing (Deruelle, Rondan, Mancini, & Livet, 2006; Mottron et al., 2003). 
Mottron and colleagues (2003) employed a silhouette task (along with several other 
tasks) to examine global processing in adolescents with ASD. Findings from the 
silhouette task showed no impairment in global processing in the ASD sample (although 
the task had significant limitations, e.g. no baseline measure, ceiling effects). 
 There are several limitations of the traditional silhouette task (e.g. small trial 
number), perhaps greatest is the lack of difficulty of this task; this paradigm is plagued by 
ceiling effects. Indeed, even Mottron and colleagues (2003) admit the task was relatively 
easy for participants and question the sensitivity of this measure. Another major 
limitation is the use of common objects. It is difficult to control participant familiarity 
with these stimuli. In the present study, novel geometric figures were developed to 
mitigate the potential confound of familiarity with the stimuli. In addition the task was 
designed to be sufficiently demanding to avoid ceiling effects. We also introduced a 
novel local-detail condition (some of the geometric shapes had local detail) to examine if 
distracting task irrelevant local detail disproportionately affected global processing in the 
ASD group. In addition, we examined shape complexity (number of sides of the 
geometric shape), to see if increased complexity impaired participant performance. 
A mandate was declared to ASD researchers to revisit and reexamine reduced 
global processing in ASD (Happé & Booth, 2006). We utilized two types of silhouette 
tasks (one focused on form matching, the other on the integration of two independent 
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parts) to better elucidate the profile of global processing in people with ASD. Are both 
types of global perception difficult for people with ASD? Is one type of global processing 
more difficult for people with ASD? These are some of the questions we hope to address 
with this paradigm. We also investigated if there was any relationship between global 
processing and ASD severity. Any relationship between integration ability and social 
severity would suggest that perhaps reduced integration might contribute to both 
cognitive and behavioral atypicalities in ASD.  
Methods 
This experiment was composed of two types of silhouette tasks. In the first task 
participants must decide which of two solid black shapes match a white target shape 
presented above. One solid black shape was the target (the correct silhouette) and the 
other solid black shape was the distractor. Only the outer contour or “silhouette” of the 
target is relevant, but in half of the trials the targets also contained distracting inner lines.  
The first silhouette task assessed the ability to compare one global form to 
another. The second silhouette task was developed to examine the ability to integrate two 
separate shapes into a single global shape. In the second task participants had to visually 
combine two shapes and then select the correct silhouette for that combination. Task 
order was counterbalanced across participants. 
Silhouette Task 1 
Stimuli 
Twenty-eight white test target shapes and 14 unique white baseline shapes were 
designed. Silhouette shapes were created by darkening each target shape so that the entire 
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shape was black. All shapes were presented on a gray background. For each white target 
shape a counterpart was created that was identical in every way, except two lines were 
used to divide the shape into three parts (see Figure 3.1b, top shape). This was done to 
introduce distracting local detail to the shapes. 
Two black shapes were presented below a white target shape; one of the two 
black shapes was the correct silhouette of the white target shape, the other black shape 
was an incorrect distractor shape. Baseline trials employed the same format, however the 
correct silhouette shape was circled; this was a baseline condition as participants had to 
simply select the shape that was circled (thus removing the form perception component 
of the task). None of the shapes were rotated. See Figure 3.1 for an example of test and 
baseline trials. 
At a viewing distance of approximately 60 cm, targets shapes, silhouettes, and 
distractors subtended 2.9–4.8° by 2.9–4.8° visual angle 
 
[Figure 3.1 about here] 
 
Design 
The experiment was composed of three sections, practice, test and baseline. Practice was 
composed of two blocks, with 8 trials each. Each target shape was presented twice in 
each block (once with detail/segmentation, once without). Test and baseline sections 
followed the same format (two blocks-per-condition), except each consisted of 28 trials-
per-block, and 14 trials-per-block, respectively. Target shapes were presented twice (once 
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with detail/segmentation, once without) over the course of test and baseline blocks. To 
ameliorate practice effects, within each block each trial consisted of a unique pairing of 
the target shape and silhouette and distractor shapes. Trials were present in random order.  
Procedure 
Participants were told they would be see a target geometric shape, and below this shape 
would be two darkened shapes. Participants were asked to decide which of the two 
darkened shapes matched the target shape. Participants were asked to respond (via button 
box) to whether the correct silhouette shape was on the left or right  (‘1’ for left, ‘2’ for 
right). Stimuli were presented for 1500 ms, followed by a fixation cross (presented for 
1000 ms). If participants did not respond within the allotted time frame, a response screen 
followed that prompted for a response. The response screen remained until the 
participant’s response. Participants were instructed to respond as quickly as possible and 
try to avoid errors. Practice images were administered with corrective feedback to help 
familiarize participants with the experiment. 
Silhouette Task 2 
Stimuli 
Twenty-eight unique test silhouette figures and 14 unique baseline silhouette figures were 
designed. Each silhouette figure was created by darkening and combining two smaller 
white geometric shapes. All shapes were presented on a gray background.  For each white 
geometric shape a counterpart was created that was identical in every way, except two 
lines were used to divide the shape into three parts (see Figure 3.2b, top shapes). 
Two white geometric shapes were presented above two darkened figures (correct 
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combination silhouette and incorrect distractor silhouette); the correct silhouette figure 
was composed of the two geometric shapes. Baseline trials employed the same format, 
however the correct silhouette figure was circled; this was a baseline condition as 
participants had to simply select the darkened figure that was circled (thus removing the 
integration component of the task). No shapes or figures (in test or baseline trials) were 
rotated. See Figure 3.2 for an example of test and baseline trials. 
 
[Figure 3.2 about here] 
 
At a viewing distance of approximately 60 cm, targets shapes subtended 1.9–5.2° 
by 1.9–5.7° visual angle and silhouettes and distractors subtended 5.2–11.4° by 2.9–7.6° 
visual angle. 
 Task design and procedure were identical to ST1 with the exception of task 
instructions. Participants were told they would see two geometric shapes and below these 
shapes would be two darkened figures. Participants were asked to decide which of the 
two darkened figures at the bottom matched the combination of the two white target 
shapes at the top. Participants responded (via button box) to whether the correct 
silhouette shape was on the left or right  (‘1’ for left, ‘2’ for right). Neither the white 
target shapes, nor the darkened shapes were ever rotated. 	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Results 
Behavioral Results 
First baseline performances (response time, accuracy) were compared; there were no 
significant group differences or group x task interactions in baseline trials. 
For both dependent variables (response time and accuracy) a repeated measures 
ANOVA was conducted with a between-subjects factor of group (ASD, NC) and a 
within-subjects factor of task (ST1, ST2). There were no significant group differences or 
group interactions in baseline trials. 
Response Time. Response time data were analyzed for correct trials only. There 
was a significant main effect of task, F(1, 38) = 66.38, p < .001; all participants were 
significantly slower on ST2 (M = 1584.32, SE = 69.67) than ST1(M = 1236.01, SE = 
57.34; see Figure 3.3 for an illustration of the response time findings. There was a 
significant task x group interaction, F(1, 38) = 7.10, p = .01. Two separate paired samples 
t-test were conducted to compare group differences in response time in ST1 versus ST2. 
The ASD group was significantly slower in ST2 (M = 1657.78, SE = 92.9) than ST1 (M = 
1195.57, SE = 70.52; t(19) = -7.94, p < .001). Controls were also significantly slower in  
ST2 (M = 1520.86, SE = 103.84) than ST1 (M = 1276.44, SE = 90.42; t(19) = -3.74, p = 
.001). An independent samples t-test revealed no group differences in ST1, t(38) = .70, p 
= .48, or ST2, t(38) = -1.05, p = .29. To elucidate the nature of the task x group crossover 
interaction the following difference score was calculated for each participant: mean ST2 
response time – mean ST1 response time. An independent samples t-test revealed a 
significant group difference between the ASD group (M difference between ST2 and ST1 
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response time = 462.21, SE = 58.18) and controls (M = 234.42, SE = 62.66; t(38) = -1.62, 
p = .01); while both groups were slower on ST2 than ST1, the ASD group compared to 
the control group was slowed approximately twice as much by ST2 than ST1.  
 
[Figure 3.3. about here] 
 
Accuracy. There was a main effect of task, F(1,38) = 25.66, p < .001; accuracy 
was significantly higher for ST1 (M = 87.3, SE = 1.4) than ST2 (M = 80.4, SE = 1.6). 
There was no significant main effect of group or group x task interaction. Therefore, the 
group x task response time interaction was not confounded by accuracy. 
Task Performance and ASD Social Symptom Severity 
In both groups, ASD symptom severity was assessed using the Broad Autism Phenotype 
Questionnaire (BAPQ). The BAPQ variables used in the correlation analyses were the 
total overall summary score and summary score per subscale (aloof, pragmatic language 
and rigidity).  
In the ASD group only ASD symptom severity was also measured using the 
Social Responsiveness Scale (SRS). The SRS measures used were the summary t-score 
and t-score for each subscale (awareness, cognition, communication, motivation and 
mannerisms). Each subscale addresses a specific aspect of ASD impairment, with higher 
scores suggesting greater severity. For example, the SRS-Social Motivation subscale 
relates to the participant’s drive to participate in social situations; this variable is an index 
of the participant’s social anxiety and social avoidance. Some questions included in this 
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subscale are “would rather be alone than with others,” and “is too tense in social 
settings.” 
Correlation analyses were conducted on each group separately to examine the 
relationship between task performance (response times, accuracy) and ASD social 
symptom severity. 
Partial correlational analyses (controlling for age and IQ) showed a significant 
positive correlation between ST2 response time and the SRS-Social Motivation subscale, 
r = .52, p =.03 in the ASD group (see Figure 3.4 for illustration of correlation). In other 
words, as ASD social severity (as measured by SRS-Social Motivation subscale) 
increased, ST2 response time also increased in the ASD group. In the ASD group there 
were no significant correlations for ST1. No significant correlations were observed in the 
NC group. 
 
[Figure 3.4 about here] 
 
Effect of Task Variables 
The effects of the variables built into the task design (distracting local detail in the white 
shapes and complexity of contour of silhouette) were tested to help elucidate what affects 
participant performance on these novel silhouette tasks. Separate repeated measures 
ANOVAs were conducted to examine the effect of these factors on test performance 
(there were no group differences or group interactions in baseline trials). For all the 
statistical tests the dependent measures were response time and accuracy. Significant 
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effects previously discussed in results are not repeated here. 
Effect of detail in the target and distractor. In half of the trials the target shapes 
had distracting local detail. A repeated measures ANOVA was conducted with a 
between-subjects factor of group (ASD, NC) and within-subjects factors of task (ST1, 
ST2) and condition (no detail, detail). There was a significant main effect of detail, F(1, 
38) = 65.91, p < .001; response times were significantly longer for the detail (M = 
1445.63, SE = 62.42) than the no detail condition (M = 1377.94, SE = 58.66). There were 
no significant interactions between detail and any other factor. 
For accuracy there was also a significant main effect of detail, F(1, 38) = 50.55, p 
< .001; accuracy was significantly lower for the detail (M = 81.0, SE = 1.5) than the no 
detail condition (M = 86.7, SE = 1.3). There were no significant interactions between 
detail and any other factor. 
Effect of silhouette contour complexity. Contour complexity was defined as 
number of sides of the target. Complexity ranged from 4-8 in ST1, and 8-14 in ST2. 
Figures were divided into two complexity groups; low (lower half; range 4-5 for ST1, 8-
10 for ST2) and high (upper half; range 8-10 for ST1, 11-14 for ST2).  
A repeated measures ANOVA was conducted with a between-subjects factor of 
group (ASD, NC) and within-subjects factors of task (ST1, ST2) and silhouette contour 
complexity (low, high). For response time, there was no significant main effect of 
complexity, F(1, 38) = 21.96, p = .95. For accuracy there was also no significant main 
effect of complexity, F(1, 38) = 2.94, p = .094, though there was a tendency for high 
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complexity contours (M = 82.7, SE = 1.6) to be harder than low complexity contours (M 
= 84.7, SE = 1.3).  
Discussion 
The objective of this study was to revisit the weak central coherence claim of reduced 
global processing ability in people with ASD, by employing two silhouette tasks 
requiring different global processing demands. We observed no deficit in the ability of 
the ASD group, as compared to controls, to match one contour to another (irrespective of 
whether the contours had distracting task irrelevant detail). However, there was a relative 
impairment in the ASD group when it came to recognizing which of two possible 
conjoined figures matched the two parts presented above. Indeed, when we compared the 
degree to which the second silhouette task slowed performance relative to the first 
silhouette task, the ASD group was slowed twice as much as the control group. Since 
there were no group differences in accuracy between these two tasks, the response time 
finding was not confounded by a speed-accuracy trade off. This is an important finding: 
the ASD participants were capable of perceiving global contours at the same level as 
controls, but they are disproportionately slower at integrating two independent elements.  
We also observed a significant correlation between the more demanding shape 
integration task and a measure of ASD social symptom severity (SRS-Social Motivation 
subscale); this suggests a relationship between greater social severity and reduced 
integration ability. Finally, we found that in these novel silhouette tasks adding local 
distracting detail is an effective method for introducing an additional dimension of 
difficulty to the paradigm.  
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Global Perception in ASD 
The finding of increased difficulty in the second silhouette task is expected. In the 
first task participants had to simply attend to the global form of the geometric shapes. The 
second task required more complex global processing. Not only did participants have to 
perceive the overall global form of both shapes; they also had integrate these two shapes 
to form a coherent whole. Both groups had inferior performance (higher response time, 
lower accuracy) for this more demanding global processing task, but this type of global 
processing disproportionately impaired ASD speed (not accuracy).  
 These results add to previous findings of more demanding types of global 
perception being more difficult for people with ASD. Deruelle, Rondan, Gepner, et al. 
(2006) observed that configural processing (participants had to match schematic face or 
geometric shape stimuli) was more difficult than global form processing (participants had 
to detect global shapes and letters) in people with ASD, and proposed that perhaps global 
impairments in ASD are restricted to configural processing. We also observed that global 
processing demanding greater integration was more effortful for people with ASD. The 
Bertone group (Bertone, Mottron, Jelenic, & Faubert, 2003; Bertone, Mottron, Jelenic, & 
Faubert, 2005) proposed that information requiring more complex neural processing (i.e. 
greater neural integration) would be more difficult for people with ASD. In a 
commentary, Shalev (2007) suggested that tasks that demand the formation of a global 
whole are more time-consuming for people with ASD; typicals are more efficient at 
processing these types of stimuli. The findings of the present study provide some support 
for these proposals. The findings of presented here also confirm one of the primary tenets 
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of the original weak central coherence hypothesis, that difficulty integrating parts to form 
wholes is more problematic for individuals with ASD (Frith, 1989). It would be 
interesting to see if making the task more challenging (e.g. reduce stimuli presentation 
duration) could further separate group performance. It would also be interesting to 
measure cortical activity during this task and examine group differences in overall 
functioning connectivity, and between-task differences in functional connectivity (e.g. if 
ST2 requires greater functional connectivity than ST1).  
Relationship between Integration Ability and ASD Social Symptom Severity 
The SRS-Social Motivation subscale relates to the participant’s drive to participate in 
social situations; this variable is an index of the participant’s social anxiety and social 
avoidance. Social anxiety is a physiological and cognitive process, and high social 
anxiety in ASD has been linked with impaired social interaction and communication, 
along with other behavioral impairments (Hallett et al., 2013). In the ASD group only, we 
observed an association between the SRS-Social Motivation subscale and slower 
response times in the second (more demanding) silhouette task. This suggests greater 
severity may be linked with reduced integration ability.  
There is some debate about whether ASD social symptoms and cognitive 
atypicalities can be traced back to the same neural mechanism, or whether these 
abnormalities are largely independent (Happé & Booth, 2008; Happé & Frith, 2006). This 
correlation provides some preliminary evidence that perhaps these processes are not 
completely independent. In addition, while it is beyond these results to make any 
definitive claims about causation (e.g. abnormal brain connectivity, leading to reduced 
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integration ability, which contributes to atypical social behavior), this finding suggests, in 
the least, that this association warrants further investigation.  
This finding also illustrates the importance of recruiting ASD individuals of 
various severity levels. Autism is a heterogeneous disorder; some studies have already 
found that disrupted cognitive processing may be more characteristic of some types of 
people with ASD more than others (e.g. Jarrold & Russell, 1997; White et al., 2009). 
Only higher-functioning individuals were included in this task. Future studies should 
recruit individuals with ASD across severity levels and also investigate any within group 
differences in processing. 
Variables that Affect Silhouette Task Performance 
We employed novel paradigms, therefore it was especially important to investigate what 
conditions affect participant performance on these tasks. We focused on the effect of 
task-irrelevant local detail and complexity.  
We found that adding distracting detail to the geometric shapes did disrupt 
participant performance. Across both tasks, as expected, distracting local detail made 
participants slower and less accurate.  Contrary to expectations, this distracting local 
detail did not disproportionately affect the ASD sample. This confirms findings 
(primarily using Navon paradigms) that task-irrelevant local information can have the 
same effect on people with ASD (Happé and Frith, 2006). Employing Navon paradigms, 
a number of groups have reported that like typicals, individuals with ASD can ignore 
distracting local letters and focus instead on perceiving global letters (Mottron Belleville, 
& Menard, 1999; Mottron et al., 2003). Our finding suggest when necessary people with 
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ASD can disregard distracting local elements at the same level as controls.  
In addition, the ASD sample exhibited no evidence of a specific inability to 
disengage from these distracting details; the details distracted them no more or less than 
controls. At one time executive dysfunction was one of the most prominent cognitive 
accounts of ASD (see Hill, 2004 for review). The executive dysfunction account claims 
impairments in executive functions (e.g. task shifting, planning, inhibition, etc.) underlie 
the non-social deficits observed in ASD. This hypothesis predicts difficulty with dividing 
attention and disengaging from task-irrelevant stimuli. The current consensus is that if 
any deficits in executive functioning occur in ASD, this impairment is not a primary 
feature of ASD, and is only a secondary outcome of ASD (Dawson et al., 2002; Griffith, 
Pennington, Wehner, & Rogers, 1999; Keehn, Müller, & Townsend, 2013; Yerys, 
Hepburn, Pennington, & Rogers, 2007). In this study, we found no evidence that people 
with ASD were less able to disengage from local task-irrelevant distracting detail. This 
adds to the evidence against generalized executive dysfunction in ASD. 
Contrary to expectations, we observed no effect of the complexity variable. In 
retrospect, this should not be too surprising. In the vision literature, “complexity” usually 
suggests greater neural demands (Bertone et al., 2003, 2005). For example, Bertone and 
colleagues (2003) showed people with ASD two types of motion stimuli; simple, 
luminance-defined gratings and complex, texture-defined gratings. These latter stimuli 
are regarded as more ‘complex’ because evidence suggests texture-defined gratings 
require more demanding neural computation to be successfully perceived. Bertone et al. 
(2003) found intact motion perception in the ASD group for the simple gratings; but 
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impaired motion perception for the complex gratings. While our concept of complexity 
(increased number of sides) fits into the more traditional definition of complexity (having 
a high degree of intricacy), having a greater amount of this type of complexity does not 
necessarily demand greater neural computation. Perhaps if some of the geometric shapes 
were exceptionally intricate (thus requiring greater effort to integrate), that could create 
some impact on task performance. 
Summary 
Two types of silhouette tasks were employed that assessed different dimensions of global 
perception. Findings suggest while people with ASD may have no difficulty attending to 
global form, global integration may be disproportionately more difficult for these 
individuals. In addition, findings suggest there is an association between ASD social 
severity and a reduced ability to integrate parts to form coherent wholes.  
These results provide some support for the weak central coherence hypothesis. 
These findings also suggest that global processing in ASD may not be as straightforward 
as proposed in past research. This work reinforces the mandate proposed by Happé and 
Booth (2008); ASD research must find a way to employ paradigms that investigate global 
processing in ASD in novel ways. It is essential that this field employ paradigms that 
better address global processing questions, and that tap different aspects of global 
perception. Any atypicalities in integration could further inform neural accounts, 
abnormal developmental trajectories, and key genetic factors that underlie ASD. 
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Figure Captions 
Figure 3.1 Illustration of Silhouette Task 1 test trial (a) and baseline trial (b). White 
target shape presented at top of screen, two black shapes presented below. For both trials, 
correct silhouette is black shape on left. For both trials, distractor is black shape on right. 
Example of detail condition shown in (b), top white shape. 
 
Figure 3.2 Illustration of Silhouette Task 2 test trial (a) and baseline trial (b). White 
target shapes presented at top of screen, two black figures presented below. For both 
trials, correct silhouette is black figure on left. For both trials, distractor is black figure on 
right. Example of detail condition shown in (b), top white shapes. 
 
Figure 3.3 Mean RT for correct trials only as function of task. Error bars represent 
standard errors of means. 
 
Figure 3.4 Scatterplot of significant correlation between SRS-Social Motivation subscale 
and Silhouette Task 2 response time (ms). 
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Figures 
Figure 3.1 
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Figure 3.2 
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Figure 3.3 
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Figure 3.4 
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CHAPTER FOUR 
Study 3: Local-Global Switching Task 
 
It has been referred to as a “brain blink” or “gap” in consciousness; clearly missing even 
the most conspicuous object right before your eyes, simply because of timing. In 1992 
Jane Raymond and colleagues showed a group of adults a rapid succession of letters and 
asked them to detect two different target letters (Raymond, Shapiro, & Arnell, 1992). The 
researchers discovered the tendency for participants to miss the second target if it was 
presented between 200-500 ms after the first target, a phenomenon now known as an 
attentional blink (Raymond et al., 1992; Shapiro, Arnell, & Raymond, 1997). 
Additionally, if participants must switch between two levels of processing (e.g. global-to-
local) this prolongs the duration of the attentional blink (since even less attentional 
resources are available for the second target), and further decreases the likelihood the 
second stimulus will be reported accurately (Ward, 1982).  
The attentional blink has been duplicated and modified in a number of studies in 
an effort to elucidate the temporal characteristics of attention allocation and the factors 
that can affect the deployment of attentional resources. In recent years a paradigm 
employing the attentional blink and hierarchical letters was developed to examine 
attention shifting in people with ASD (López, Torres, & Valdés-Sosa, 2002). The 
purpose of the current study is to examine the ability to shift attention between local and 
global stimuli (specifically, attention broadening) in people with ASD, using a 
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hierarchical letter attentional blink paradigm. Impairments in attention broadening may 
be an indication of a local processing bias and atypical neural connectivity in ASD. 
Investigation of attention shifting will help shed light on the underlying cognitive and 
neural basis of this disorder.  
Traditional Navon Stimuli and Hierarchical Processing in ASD 
One of the standard paradigms to assess the processing of local and global visual 
stimuli and how these processing levels affect each other is the Navon task (Navon, 
1977). This classic task was pivotal in detailing how people process visual scenes, and 
documenting “the inevitability of global processing,” the natural bias towards seeing the 
forest before the trees. In the classic Navon task participants were shown large letters (of 
the alphabet) composed of many small letters. The large letters were either composed of 
small letters that were the same letter as the large letter (congruent condition), or not the 
same as the large alphabetic letter (incongruent condition). Participants were required to 
respond to targets at either the global level (i.e. attend to the large letter, and ignore the 
small letters) or local level (i.e. attend to the small letters, and ignore the large letter). 
Results showed that participants were more accurate and faster at identifying large global 
letters than small local letters. This is now known as the global advantage effect. Another 
significant finding was that in incongruent conditions participants were slower at 
identifying local letters than global letters; that is, their performance was involuntarily 
affected (slowed) by the global element even when they were cued to pay attention to 
local elements. This is now known as the global interference effect; when local and 
global stimuli were incompatible, participants were more susceptible to interference from 
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global stimuli than local stimuli. Both of these effects together are known as the global 
precedence effect (Badcock, Whitworth, Badcock, & Lovegrove, 1990; Navon, 1981). 
Studies have since confirmed the idea that global visual information is processed more 
quickly and with greater automaticity than local information (see Kimchi, 1992 for 
review).  
The Navon paradigm provides a measure of processing at both the global and 
local level; thus, this task has been adopted by the ASD field to investigate processing 
style in individuals with ASD. Two major cognitive theories of ASD (weak central 
coherence, enhanced perceptual functioning) make different predictions about 
performance of ASD individuals on the Navon task. Pure weak central coherence 
theorists propose that since global processing is disrupted in ASD, these individuals 
should exhibit both (1) disrupted global advantage (either presenting a smaller global 
advantage or instead showing a local advantage, where local letters are identified faster 
and more/or accurately than global letters), and (2) disrupted global interference (instead 
showing local interference, more susceptible to interference from local stimuli). The 
enhanced perceptual functioning hypothesis, however, proposes that since global 
processing is intact in ASD, these individuals should be able to identify global letters at 
the same level as controls. The findings have been mixed, with each cognitive theory 
citing relevant studies to support their predictions (Jolliffe & Baron-Cohen, 1997; 
Mottron & Belleville, 1993).  
Several reasons for the inconsistency in findings have been reported. These 
include sample size (for example, Mottron & Belleville, 1993 only included one ASD 
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individual), ASD sample characteristics (e.g. some using lower functioning individuals), 
and comparison group characteristics (matching by intelligence versus matching by age). 
Some argue that some qualities of the Navon paradigm limit what we can learn about 
local and global processing in ASD through this task (White et al., 2009). In the 
traditional Navon paradigm both global and local stimuli are always shown together, this 
makes it difficult to examine local and global processing in isolation (White et al., 2009). 
Additionally, a majority of the Navon studies do not demand fast online processing (e.g. 
stimuli duration was 1000 ms in Ozonoff, Strayer, McMahon, & Filloux, 1994); this 
makes it possible for participants to compensate for deficits using different higher-order 
strategies. This latter critique makes it especially difficult to isolate what cognitive 
factors are contributing to task performance (White et al., 2009). While maintaining 
consistent sample characteristics across studies in the ASD field is more difficult to 
control, it is possible to examine local and global processing in ASD using a paradigm 
that avoids some of the weaknesses of the traditional Navon paradigm.  
Attentional Abnormalities in ASD 
Attentional abnormalities in ASD are well documented (see Keehn et al., 2013 for 
review). While not a primary deficit, attentional deficits are characteristic of ASD and 
have been linked to social impairments and the restricted focus of interest observed in 
ASD. For example, impairments in joint attention (shared attention between two people 
and an object) are a common feature of ASD (Bruinsma, Koegel, & Koegel, 2004). 
Studies have linked impairments in joint attention in ASD to abnormalities in focusing 
attention between social cohorts and shared objects or events (Lewy & Dawson, 1992; 
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Loveland & Landry, 1986; Mundy, Sigman, & Kasari, 1990). The ability to shift 
attention between a companion and target is a critical feature of normal social 
development. Impairments in theory of mind (the ability to interpret and understand 
mental states in oneself and in others) have also been associated with attentional 
abnormalities in ASD (Jarrold et al., 2000). Theory of mind is also a central component 
of social cognition. Some have argued the impairments in theory of mind observed in 
ASD stem from focusing attention on detail, while disregarding context (Jarrold et al., 
2000).  
In recent years the attentional blink paradigm has been used to examine 
attentional abnormalities in ASD. Amirault and colleagues (2009) were among the first to 
investigate attentional blink in ASD. A sequence of letters was presented in rapid serial 
visual presentation (RSVP) to a group of adults with ASD. Participants were asked to 
detect the presence of two target letters embedded in the sequence of letters. Target 2 
(T2) always followed target 1 (T1). Lag time (time separating T1 and T2 presentation) 
was varied across trials; T2 was presented between 70-840 ms after T1. Intact attentional 
blink magnitude was observed in the ASD group; however, the ASD group had increased 
attentional blink duration (longer length of the attentional blink).  
Rinehart, Tonge, Brereton, & Bradshaw (2010) also employed a RSVP paradigm 
to examine attentional blink in children with ASD. Again, participants were shown a 
series of letters and asked to identify two target letters presented within the series. The 
second target letter was presented between 200-900 ms after target letter one.  Intact 
attentional blink was observed in the ASD group. This finding was cited as evidence that 
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basic temporal attentional abnormalities (i.e. attentional blink) are not the cause of social 
processing impairments in ASD.  
The repeated finding of intact basic attention functioning (e.g. attentional blink) 
in ASD appears to conflict with other findings of disrupted attention in this disorder (e.g. 
joint attention). Some studies have targeted a different aspect of attentional processing in 
ASD, attention shifting. Some propose impairments in broadening attention may underlie 
cognitive processing style in ASD and some of the social impairments observed in this 
disorder (Mann & Walker, 2003; Rinehart, Bradshaw, Moss, Brereton, & Tonge, 2001). 
Studies have found impairments with attention broadening in ASD, while attention 
narrowing remains intact (Mann & Walker, 2003; Rinehart et al., 2001). It is important to 
note, the emphasis is not generalized impairment in attention shifting in ASD, but a 
specific impairment when attention must be switched from a local item to a global item 
(Mann & Walker, 2003; Rinehart et al., 2001). Abnormalities moving from local to 
global information, zooming out, have been proposed to contribute to some of the local 
processing strengths (e.g. embedded figures test, block design test; Keehn et al., 2009; 
Shah & Frith, 1983, 1993) and global processing weaknesses (understanding gist, reading 
homographs; Frith & Snowling, 1983; Happé, 1997) observed in ASD (Happé & Frith, 
2006; White et al., 2009).  
Rinehart and colleagues (2001) employed a modified version of the Navon 
paradigm to examine attention shifting in children with ASD. In each trial participants 
were shown a large number composed of small numbers that were either the same as the 
large number (congruent condition) or different than the large number (incongruent 
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condition). Participants were asked to identify targets that were presented either globally 
or locally. The study examined shifting between local and global levels versus 
maintaining attention at one level. In the ASD group, attention shifting was generally 
slower; attention shifting was particularly slowed when shifting from a local to a global 
target (having to detect a global target when the previous target was local).  
Mann and Walker (2003) employed crosshairs with different hair lengths (short, 
long) to examine attention broadening in children with ASD. Crosshairs with longer hair 
lengths have been found to broaden the spread of visual attention, longer crosshairs 
require wider spread of attention. The use of different crosshair lengths affects the spread 
of visual attention, making it possible to examine attention broadening and attention 
narrowing efficiency. In each trial participants were presented with two successive 
crosshairs. The crosshairs were either small (short hair lengths, for each small crosshair, 
either vertical or horizontal hair was longer) or large (long hair lengths, for each large 
crosshair, either vertical or horizontal hair was longer). After each crosshair participants 
had to choose whether the vertical of horizontal hair was longer. The ASD group was 
significantly slower and less accurate when a large second crosshair followed a small 
crosshair (in comparison to being shown two large crosshairs). There were no significant 
group differences in performance when a small second crosshair followed a large 
crosshair (in comparison to being shown two small crosshairs).  This finding suggests 
that individuals with ASD can attend to local stimuli, and global stimuli in separation; 
perhaps, however, the dysfunction lies in the ability to process globally immediately after 
local processing. 
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Novel Attention Shifting Hierarchical Letters Paradigm 
An elegant paradigm developed by López et al., (2002) was proposed as a novel 
method to examine local and global processing in ASD. This paradigm draws on the 
concept of the attentional blink and some aspects of the Navon paradigm (using big and 
small letters). In this paradigm, known as rapid serial object transformation (RSOT), 
participants are presented with local or global letters in rapid succession. Unlike 
traditional hierarchical letter tasks, the large letters are not composed of smaller letters 
that are either the same or different alphabetic letter. Instead stimuli are composed of 
many small identical letters that form a rectangle, or one large letter (made up of smaller 
rectangles). In each block participants are either shown (1) two global targets (global-to-
global condition), (2) two local targets (local-to-local condition), (3) a global target then a 
local target (global-to-local condition), or (4) a local target then a global target (local-to-
global condition).  In the congruent conditions (global-to-global, local-to-local) since the 
global and local stimuli are presented separately within each block this permits analysis 
of visual processing within a level. The incongruent conditions (global-to-local, local-to-
local) are useful in measuring attention costs associated with shifting attention into a 
level. The congruent conditions can be compared with the relevant incongruent condition 
to assess how a participant processes within a level versus having to switch into that 
level. For example, the ability to process within a level (e.g. global-to-global) would be 
compared with the attentional cost of having to to switch into that level (local-to-global, 
attention broadening). 
In this paradigm the attentional blink phenomenon is employed as a way to 
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examine group differences in processing costs for shifting attention. If switching out of a 
level (global or local) is problematic for a participant (greater attentional cost for having 
to switch), this would be reflected by a longer attentional blink, and more missed 
(incorrect responses) second targets. Greater processing costs (more missed second 
targets) associated with switching into a global level (local-to-global), relative to 
processing within the global level (global-to-global) suggest a participant is inefficient at 
attention broadening. It has been proposed that normals have greater processing costs 
associated with attention narrowing than attention broadening (White et al., 2009). This is 
almost an analog of global interference effect; switching out of global stimuli is more 
attention grabbing than switching out of local stimuli. Thus attention narrowing is more 
difficult than attention broadening in normal individuals. It has been suggested that the 
opposite pattern can be observed in some individuals with ASD. Since some people with 
ASD have a proposed local advantage, local stimuli are more attention grabbing than 
global stimuli, and broadening attention has higher processing costs than narrowing 
attention; thus, greater processing costs are associated with attention broadening than 
attention narrowing (White et al., 2009). 
This paradigm avoids some of the weaknesses of some traditional Navon tasks. 
First, the rapid succession of the stimuli requires fast online processing and limits the use 
of higher-order strategy, making it easier to identify underlying cognitive mechanisms 
(e.g. local processing bias). Second, stimuli are presented in either a single processing 
level (local or global) or alternate between processing levels (local-to-global or vice-
versa), thus permitting examination of not just processing within a single level, but also a 
	  	  
103 
participant’s ability to rapidly switch between processing levels (attention broadening and 
narrowing). Finally, because the attentional blink concept is utilized, this permits not just 
attention shifting ability, but also an examination of the temporal characteristics of the 
ASD attentional system.  
 This paradigm has been employed with ASD children (White et al., 2009) to 
examine attention broadening ability and its relationship with abnormal connectivity in 
this disorder. A prominent neurological account of ASD is that dysfunctional neural 
connectivity underlies ASD. This dysfunction includes inefficient synchronization 
between brain regions (Brock et al., 2002) and/or an overabundance of local short-range 
neural connections paired with reduced long-range connections between brain areas (Just 
et al., 2004). Both these hypotheses (abnormal synchronization, over- and under-
connectivity) are not mutually exclusive, and have been linked to the increased rate of 
macrocephaly observed in ASD (Cohen, 1994; Frith, 2003; Gustafsson, 1997), although 
this link is still questionable (White et al., 2009).  
White and colleagues (2009) used head size in ASD children as an indirect index 
of abnormal neural connectivity and examined the relationship between head size and 
atypical cognitive processing (a local processing bias reflected in high processing costs 
during attention broadening). Three groups of participants were assessed; typically 
developing children, ASD children, and ASD children with macrocephaly. Processing 
efficiency between switching from global-to-local (attention narrowing, zooming in) and 
switching from local-to-global (attention broadening, zooming out) was measured. Both 
controls and the non-macrocephaly ASD group had a greater processing cost when 
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required to switch from global-to-local stimuli (attention narrowing) than local-to-global 
stimuli (attention broadening). However, the ASD-macrocephaly group showed the 
opposite pattern of performance; greater processing cost when switching from local-to-
global stimuli (attention broadening) than from global-to-local stimuli (attention 
narrowing). This finding was cited as evidence of a relationship between cognition 
(attention broadening) and abnormalities in neural mechanisms (large head size) in ASD; 
in a sub-group of ASD individuals abnormal connectivity may be associated with 
excessive focus on detail.  
Objectives and Predicted Outcomes 
The aim of this study was to examine the ability to switch between rapidly presented 
global and local stimuli in people with ASD. Processing costs associated with switching 
into global stimuli versus switching into local stimuli were utilized as an index of 
attention broadening, and attention narrowing ability, respectively. A high cost of 
switching into one level of processing (local or global) will be reflected in a greater 
attentional blink (greater number of missed second targets). For example, if a participant 
excessively focuses on local elements, one would expect greater processing costs 
associated with having to switch out of local stimuli and focus on global stimuli (more 
missed second global targets if the first target was local). Processing costs associated with 
switching into global (zooming out) versus switching into local (zooming in) stimuli were 
compared. This study predicted that individuals with ASD would have greater processing 
costs associated with attention broadening than attention narrowing. 
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A secondary aim of the study was to examine the relationship between ASD 
symptom severity and attention broadening and narrowing. If the same neural structures 
are involved in both ASD symptomology and excessive local processing style, one would 
expect to see a positive correlation between severity and processing costs associated with 
broadening attention; more severe individuals will be less able to efficiently broaden 
attention.  
Methods 
Stimuli 
Stimuli were composed of five letters (E, H, P, S, U) presented either as a large global 
letter or many small local letters. Each global letter was composed of many smaller, 
rectangular elements. Local stimuli were composed of many small letters. Each trial 
consisted of two successive letters in one of four possible combinations of global (G) and 
local (L) stimuli (GG, LL, GL, LG), with a screen of blanks presented before, between, 
and after each letter in the trial. See Figure 4.1 for an example of the stimuli.  
At a viewing distance of approximately 60 cm, global letters subtended 6.7° by 
17.5° visual angle and local letters subtended 1.9° by 3.3° visual angle. 
 
[Figure 4.1 about here] 
 
Design  
The experiment was divided into four blocked conditions; GG, LL, GL, LG. Each block 
consisted of 5 practice trials and 25 test trials.  
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Procedure 
Participants were asked to identify the letters they saw by pressing the corresponding 
button on the keyboard. Global stimuli were presented for 50 ms followed by a 350 ms 
interstimulus interval (ISI); local letters were presented for 200 ms followed by a 200 ms 
ISI. Global stimuli were presented for a shorter duration to ensure similar accuracy levels 
between global and local stimuli (White et al., 2009). The ISI differed between the global 
and local letters (350 ms, 200 ms, respectively) to maintain equivalent stimulus onset 
asynchrony (400 ms). A set of blanks was presented at the beginning and end of every 
trial for 300 ms. 
Participants were first shown paper examples of the letters used in the task. 
Participants then completed four blocked conditions in the following fixed order: GG 
(global-to-global), LL (local-to-local), GL (global-to-local), LG (local-to-global). Each 
block consisted of 5 slow practice trials (stimuli presented for 1000 ms with 500 ms ISI), 
followed by 25 randomized test trials. Test trials consisted of all possible sequences of 
the five letters. Participants received corrective feedback following each trial. For each 
trial, participants were shown both letters and then prompted for their response (there was 
no time limit for response).  
Results 
Correct identification of the first target is required for an attentional blink effect to occur 
(must be certain that the participant correctly perceived the first target); therefore, only 
trials where participants had a correct response to the first letter were included in the 
analysis. The effects of an attentional blink are reflected in the response to the second 
	  	  
107 
target, thus second letter accuracy was examined. 2 
Group differences in mean number of correct responses to the first letter were 
examined to ensure both groups of participants contributed an equal amount of trials to 
the analysis; there were no significant group differences. There were also no significant 
group differences in second letter accuracy (when first letter was correct) for any of the 
four blocked conditions (GG, LL, GL, or LG). See Table 4.1 for correct response data. 
To examine the processing cost associated with switching attention, two indices 
were calculated: the cost of switching out of a local letter and into a global letter (second 
letter accuracy GG block – second letter accuracy LG block) and the cost of switching 
into a local letter (second letter accuracy LL block – second letter accuracy GL block). 
These variables provided a method of measuring the participant’s baseline ability of 
processing within a level (e.g. GG) versus the processing cost of having to switch into 
that level (LG); this provides an index of how a participant processes global stimuli 
alone, versus when local stimuli precede the global stimuli, and attention broadening is 
required. Lower cost (e.g. smaller difference between GG-LG) suggests an efficient 
switching mechanism, since it implies having to the switch into that level does not have a 
great cost to attentional resources; this suggests the participant can easily disengage 
attention from the local stimuli to attend to global stimuli (good attention broadening 
ability).  
A repeated measures ANOVA was conducted on the accuracy data with a 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 While response time is not a valid dependent variable for this attentional blink paradigm, we 
also examined participant response time data for each block and did not find any group 
differences.	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between-subjects factor of group (ASD, NC) and within-subjects factor of cost type (cost 
switching into global, cost of switching into local). There was no significant main effect 
of group. There was a significant main effect of cost type, F(1,38) = 45.27, p < .001; 
there was a greater accuracy loss associated with switching into the local (M = 16.9, SE = 
2.0) than switching into the global level (M = -0.2, SE = 1.8)3. That is, across all 
participants, there was a greater processing cost associated with attention narrowing 
(having to switch from global to local letters) than attention broadening (having to switch 
from local to global letter). See Figure 4.2 for summary of findings. 
 
[Figure 4.2 about here] 
 
Task Performance and ASD Social Symptom Severity 
In both groups, ASD symptom severity was assessed using the BAPQ. The BAPQ 
variables used in the correlation analyses were the total overall summary score and 
summary score per subscale (aloof, pragmatic language and rigidity). The subscales of 
the BAPQ are meant to relate to three primary features of ASD, impairments in social 
interaction, deficits in communication, and restricted behavior patterns (Hurley et al., 
2007). The BAPQ-Aloof subscale was intended to measure the presence of social 
interaction deficits. In the ASD group only, ASD symptom severity was also measured 
using the SRS. The SRS measures used were the summary t-score and t-score for each 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 While the cost of switching into global appeared to be a negative number, an one-samples t-test 
revealed there was no significant difference between mean cost of switching into global and a 
hypothesized value of ‘0,’ t(39) = -.097, p = .92. 
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subscale (awareness, cognition, communication, motivation and mannerisms). 
Correlation analyses were conducted on each group separately to examine the 
relationship between task condition (cost of switching into global, cost of switching into 
local) and ASD social symptom severity.  
Partial correlations, controlling for the effects of age and IQ, showed a significant 
positive correlation between cost of switching into a global letter (attention broadening) 
and the BAPQ-Aloof subscale, r = .61, p = .01 in the ASD group. No significant 
correlations were observed in the NC group. 
Discussion 
The present study investigated attention shifting in a group of adolescents and adults with 
ASD using an attentional blink paradigm that consisted of hierarchical letters. There were 
generally no significant group differences in accuracy. There were also no significant 
group differences in attention broadening or narrowing ability. There was a significant 
correlation between a measure of ASD social symptom severity (BAPQ-Aloof subscale) 
and attention broadening ability; greater severity was associated with more processing 
cost when shifting attention from local to global stimuli. Our major findings are reviewed 
below. 
Attentional Blink Intact in ASD 
Both the ASD and control groups showed intact attentional blink; all groups missed 
relatively the same number of second targets. The findings of intact attentional blink in 
ASD suggest the temporal characteristics of the attentional system in ASD appear to be 
intact. These results confirm previous findings of intact attentional blink magnitude in 
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ASD (Amirault et al., 2009; Rinehart et al., 2011). This should not be interpreted to 
suggest that the entire attentional system in ASD is normal, but simply that baseline 
temporal features of this system appear to be intact.  
Previous research suggests that while attentional blink magnitude is normal in 
ASD, there may be some abnormalities in attentional blink duration (Amirault et al., 
2009). Amirault and colleagues (2009) manipulated target lag time (time between 
presentation of first and second target) and observed intact attentional blink magnitude, 
but extended attentional blink length (duration) in ASD individuals. Lag time duration 
was not manipulated in this study, thus no definitive statements can be made regarding 
normal attentional blink duration in ASD.  
Intact Attention Broadening in ASD 
Contrary to predictions, there were no group differences in processing costs associated 
with attention broadening. Moreover the ASD sample showed the same NC pattern of 
cost switching; processing costs were higher for attention narrowing than attention 
broadening. In retrospect, this finding should not be a complete surprise as White and 
colleagues (2009) also observed no significant differences between controls and ASD 
children without macrocephaly. Differences were only observed between controls/ASD 
children without macrocephaly and the ASD children with macrocephaly; only this ASD-
macrocephaly group showed the opposite pattern (increased processing costs for attention 
broadening than attentional narrowing). There was no precedent for the performance of 
adults on this paradigm; the study presented here was the first replication of White et al. 
(2009) paradigm but with high-functioning older individuals with ASD. There was one 
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notable difference in the present findings; second letter accuracy was generally 
considerably higher in our sample across all blocks (in fact, our participants were near 
ceiling in several blocks). This is understandable considering children were employed in 
White et al. (2009).  
Relationship between ASD Social Symptom Severity and Attention Broadening 
Ability 
There was a significant correlation between ASD social symptom severity (BAPQ-Aloof 
subscale which measures the presence of social interaction deficits) and attention 
broadening ability. This observed relationship between ASD severity and difficulty 
broadening attention (indicative of a local processing bias) has important implications for 
the social cognitive impairments in ASD. This preliminary finding suggests that a local-
focused processing style may affect the social difficulties observed in ASD. Perhaps 
during development, abnormal visual processing and attention affects the interpretation 
of environmental and social cues (Joseph et al., 2009). Of course any claims about a 
causal relationship between attention impairments and ASD social severity are 
speculative at this point and additional evidence is needed before any conclusive 
statements can be made.  
This correlation (between ASD severity and attention broadening) paired with our 
general negative findings on the attention-switching task also suggests that an excessive 
focus on detail may be better observed in more severe individuals with ASD. There is 
now some consensus about the existence of subgroups within ASD, with these subgroups 
having different underlying genetic and neural bases (Courchesne et al., 1994; Tager-
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Flusberg & Joseph, 2003). Perhaps an excessive focus on detail is more readily observed 
in a subset of individuals with ASD. In this study only higher-functioning ASD 
individuals were included. Future studies should examine attention broadening in ASD 
individuals from a wide range of severity and age levels, and investigate the existence of 
subgroups. 
Limitations 
While White and colleagues (2009) also observed no group differences between normal 
controls and a group of ASD individuals, others have observed some dysfunction in 
attention broadening in ASD (Katagiri, Kasai, Kamio, & Murohashi, 2013; Mann & 
Walker, 2003). Study limitations that may have contributed to our negative findings are 
discussed below. 
 The first limitation involves a general characteristic of selective-attention 
hierarchical letter paradigms like that employed in the present study. There are two main 
types of Navon paradigms, selective attention and divided attention. In selective attention 
tasks, participants are cued in advance to focus attention on either the global or local 
level; this is referred to as a selective attention task since participants can select in 
advance which level to place their focus (either global or local). In a second type of 
Navon task, the divided attention task, participants are not cued in advance about where 
to focus attention. They are told to detect targets, but are not told whether those targets 
will be shown at the global or local level. Research now suggests that when prepped in 
advance (selective attention Navon task), individuals with ASD can show the normal 
pattern of results; divided attention paradigms are often more difficult for these 
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individuals (Mottron & Belleville, 1993; Plaisted et al., 1999). Indeed, Plaisted, 
Swettenham, and Reese (1999) observed normal global processing in a selective attention 
Navon task, but abnormal global processing (local precedence) during a divided attention 
task. The paradigm employed in the present study was not designed with a divided-
attention condition. This would likely increase the difficulty of this task and it would be 
interesting to see how individuals with ASD would perform on a divided-attention 
version of this paradigm. We were reaching ceiling effects for several of the blocks 
(another study limitation), therefore introducing a condition that adds difficulty would be 
beneficial to this paradigm.  Future work will modify this paradigm to include a divided 
attention component and examine group differences in performance on the selective 
versus divided attention condition.  
 A second task concern was the fixed block order. In this paradigm, all participants 
received the four blocked conditions in this fixed order; global-to-global, local-to-local, 
global-to-local, local-to-global. We kept this method the same as it was our intention to 
replicate the original study (White et al., 2009); however, in hindsight this may have 
created some confounds. First of all, there was no way to control for practice effects 
throughout the task. In fact some participants struggled to grasp this rapid task in the first 
block (global-to-global) and by the last block (local-to-global), their accuracy was 
actually better (counter to task design). The fact that participants received feedback after 
every trial (thus adding to practice effects) also indicates counterbalancing block order is 
imperative for future replications of this paradigm. Future studies should ensure block 
order is counterbalanced across participants and examine if there is an effect of block-
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order on participant performance.  
Another study limitation pertains to the relationship between the BAPQ-Aloof 
subscale and attention broadening ability. This relationship should be interpreted with 
caution because (1) none of the other severity measures (i.e. SRS variables) significantly 
correlated with attention broadening, and (2) the BAPQ was originally designed to pick 
up milder forms of autistic characteristics in first-degree non-autistic relatives of 
individuals with ASD. Regardless, the BAPQ has been used to investigate social 
symptom severity in people with ASD (Losh et al., 2009); thus, this significant 
association is still worth some consideration. 
 Participant age was another potential study limitation. Research suggests that 
group differences are more readily apparent in younger participants with ASD; older 
high-functioning adults with ASD may have developed compensatory mechanisms (Frith, 
2012; Klin et al., 1999; Sasson, 2006). White and colleagues (2009) observed no group 
differences between the non-macrocephaly ASD children and the typically developing 
children. This implies that perhaps age may not be a principal feature to uncovering 
group differences on this paradigm. 
Conclusion 
The present study employed a novel attentional blink paradigm to investigate the ability 
to rapidly switch attention between global and local letters in people with ASD. Findings 
suggest intact attention broadening and attention narrowing ability in ASD. We also 
observed a significant correlation between ASD social severity and reduced ability to 
broaden attention, that is, individuals with greater severity were less able to process 
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global stimuli after local stimuli. This suggests there may be a relationship between ASD 
symptoms and an over focus on local elements. Ideally, longitudinal studies employing 
attention shifting paradigms (like that in the current study) with a sample of ASD 
children with varying symptom severity will help characterize the range and development 
of perceptual and attentional abilities in people with ASD. 
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Figure Captions 
Figure 4.1 Timeline for single trial of global-local condition. 
 
Figure 4.2 Mean second letter accuracy as function of block. Error bars represent 
standard errors of means. Global-to-local second letter accuracy used as index of 
attention narrowing ability. Local-to-global second letter accuracy used as index of 
attention broadening ability. Higher accuracy indicates better ability. 
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Tables 
Table 4.1 Means (and standard deviations) for local-global switching task. 
 
 
 
 
ASD group NC group 
 
    
 GG 22 (2) 21 (4) 
Number of correct responses to first letter LL 24 (1) 24 (1) 
(25 max) GL 23 (2) 23 (2) 
 LG 24 (2) 24 (1) 
    
 GG .90 (.09) .89 (.11) 
Proportion of correct responses to second  LL .98 (.01) .98 (.01) 
letter (given first letter was correct) GL .83 (.03) .79 (.03) 
 LG .93 (.01) .87 (.03) 
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Figures 
Figure 4.1 
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Figure 4.2 
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CHAPTER FIVE 
Study 4: Motion Detection Tasks 
 
 To effectively characterize processing style in ASD, it is essential to examine 
visual perception at multiple stages in visual processing. If there are atypicalities in 
perception of visual information in ASD, do these abnormalities extend to lower levels of 
visual perception? Examining motion perception in ASD is one way to address this 
question. A number of groups have observed deficits in global motion perception in ASD 
(Bertone et al., 2005; Milne et al., 2002; Pellicano et al., 2005; Spencer et al., 2000), 
while others found no deficits (Del Viva, Igliozzi, Tancredi, & Brizzolara, 2006; 
Koldewyn, Whitney, & Rivera, 2010; White et al., 2006). Few studies have examined 
both the local and global stages of motion processing in ASD. Indeed, to our knowledge 
only one other group has assessed this ability (Chen et al., 2012). In an effort to acquire a 
more comprehensive picture of visual processing abilities in people with ASD, the aim of 
the present study was to examine if any or all stages of motion perception are 
compromised in ASD.  
Local and Global Motion Processing  
Visual processing starts with input at the retina. These visual signals continue up the 
visual pathway to the lateral geniculate nucleus and finally up to the primary visual 
cortex (V1). Three types of cells convey information through the lateral geniculate 
nucleus, magnocellular, parvocellular and konicellular cells (Merigan & Maunsell, 1993; 
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Xu et al., 2001). After cortical area V2, processing is disbursed into two primary streams 
(Sincich & Horton, 2005); the ventral stream (commonly referred to as the ‘where’ 
pathway), which is concerned with form and color perception (Beason-Held et al., 1998; 
Kourtzi & Kanwisher, 2000), and the dorsal stream (commonly referred to as the ‘what’ 
pathway), which is concerned with motion perception (Culham, Dukelow, & Verstraten, 
2001). Magnocellular cells primarily feed into the dorsal stream, while parvocellular cells 
primarily feed into the ventral stream (Culham et al., 2001). Motion information is 
projected from V1 to extrastriate cortex, where areas like the middle temporal (MT) area 
and medial superior temporal area (MST) selectively process motion information. Some 
areas of MT are responsible for processing local motion signals, while other areas in MT 
and MST are implicated in global motion perception (Scalar, Maunsell, & Lennie, 1990).  
Local processing of motion perception occurs at an earlier stage than global 
processing (global motion perception requires an additional processing step). Local 
motion perception occurs if a number of motion-sensitive neurons (each representing a 
different nearby spatial location) are activated. Since the receptive fields of these neurons 
are small, each neuron responds to only a limited portion of the visual stimulus (Chen et 
al., 2012; Scalar et al., 1990). In addition the perceived motion signals must be constant 
across the different spatial locations. When motion signals are not uniform, global motion 
processing is required. Global motion processing neurons have large receptive fields and 
are able to integrate diverse motion signals at various spatial locations (Chen et al., 2012; 
Scalar et al., 1990). At the global stage visual signals from local neurons are integrated so 
motion detection can occur. Global processing occurs only after successful local 
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processing.  
Different types of motion stimuli have been utilized to engage the local and global 
stages of motion processing in ASD. Moving vertical gratings have been used to evaluate 
the local stage of motion processing (Chen, Nakayama, Levy, Matthysse, & Holzmann, 
2003), and global dot motion (GDM) stimuli are commonly used to assess global motion 
processing (Burr, Morrone, & Vaina, 1998; Edwards & Badcock 1994; Newsome & 
Paré, 1988). It is important to understand how these different stimuli tap into the local 
and global stages of motion processing. Regarding vertical gratings, the detection of 
motion direction can occur by viewing only a small part of the grating. Since all parts of 
the grating are moving at the same speed and direction, an individual can simply focus on 
a limited portion of stimuli and still perceive motion; therefore, only the local stage is 
required for successful motion perception of vertical gratings.  In GDM stimuli a set of 
dots move coherently in one direction, while another set of dots move in random 
directions. Motion signals from the independent dots must be perceived at the local stage, 
and then integrated at the global stage for motion detection to occur. Paying attention to a 
limited part of the visual stimuli is not sufficient for accurate detection of motion 
direction (since some dots will concurrently be moving in random directions). If an 
individual only pays attention to a limited portion of the display, it would seem like most 
of the dots were moving in random directions. Motion direction can only be detected by 
perceiving a significant portion of the whole random dot pattern. It is important to note, 
that at higher coherence levels (where a greater percentage of dots are moving coherently 
in the same direction), it is more possible to successfully detect motion direction by 
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paying attention to only a limited portion of the stimuli (as in local motion processing). In 
fact at 100% coherence (all dots moving in same direction), the GDM task could be 
considered as a local motion perception task, since every dot in the display moves in the 
same direction, and participants need only pay attention to a limited portion of the stimuli 
for successful motion detection. In addition, with GDM stimuli exceptionally high 
motion detection thresholds (high amount of coherence necessary to perceive motion 
direction) would be indicative of poor integrative (global) motion processing (Chen et al., 
2003). 
These types of stimuli (vertical gratings, random dot patterns) were employed by 
the present study to examine the local and global stages of motion processing in people 
with ASD. 
Motion Processing in ASD 
The research regarding motion processing in ASD is inconsistent. Several groups have 
observed some deficits (Bertone et al., 2005; Milne et al., 2002; Pellicano et al., 2005; 
Spencer et al., 2000), while others have found no impairments (Del Viva et al., 2006; 
Koldewyn, Whitney, & Rivera, 2010; White et al., 2006). Spencer and colleagues (2000) 
were among the first to discover motion processing dysfunction in ASD. Children with 
ASD participated in two tasks investigating dorsal (a motion coherence task) and ventral 
(a form coherence task) stream functioning. In the motion coherence task participants had 
to detect the motion direction of a set of dots moving coherently in one direction (right or 
left) among other dots moving in opposite directions. In the form coherence task 
participants had to detect the location (left or right side of screen) that contained a 
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concentric line segment (within a display of line segments that were randomly oriented). 
There were no significant group differences in form coherence thresholds; however, the 
ASD group had significantly higher motion coherence thresholds. The authors cite this as 
evidence of intact ventral stream, and discrete dorsal stream dysfunction in ASD. 
Additional evidence suggests ASD dorsal stream abnormalities may originate from 
impairments in higher-levels in the dorsal stream; a number of groups have reported 
intact low-level magnocellular functioning in ASD coupled with deficits in higher-level 
processing in the dorsal stream (Bertone et al., 2005; Pellicano et al., 2005). Pellicano 
and colleagues (2005) employed a Flicker Contrast Sensitivity task (FCS; participants 
had to determine where flickering stimulus occurred, stimuli were of varying contrast 
levels), and a GDM task. The FCS is a measure of lower-level magnocellular functioning, 
while the GDM task assesses higher-level dorsal stream functioning. Results showed that 
compared to controls, ASD children had higher thresholds on the GDM task, but 
comparable thresholds on the FCS task.  
Two prominent theories have been proposed to account for the suggested ASD 
dorsal stream dysfunction, the dorsal stream vulnerability hypothesis and the neural 
complexity hypothesis. The dorsal stream vulnerability hypothesis asserts that because of 
general system vulnerability (e.g. the larger size of magnocellular than parvocellular 
cells, the dorsal stream develops later than the ventral stream) the dorsal stream pathway 
is more susceptible to damage during development than the ventral stream (Atkinson et 
al., 1997; Braddick, Atkinson, Wattam-Bell, 2003; Gunn et al., 2002; Spencer et al., 
2000). Dorsal stream dysfunction has also been observed in a number of other 
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developmental disorders (e.g. William’s syndrome, dyslexia; Atkinson et al., 1997; 
Hansen, Stein, Orde, Winter, & Talcott, 2001; Pellicano & Gibson, 2008). Braddick and 
colleagues (2003) assert the primary features of dorsal stream impairment are similar 
across these developmental disorders. The Milne group (Milne, Swettenham, & 
Campbell, 2005; Milne et al., 2002; Milne et al., 2006), however, propose the nature of 
the dorsal stream dysfunction is qualitatively different in ASD than other developmental 
disorders; indeed Pellicano and Gibson (2008) observed qualitative differences in dorsal 
stream impairment between individuals with ASD and dyslexia. For example, Pellicano 
and Gibson (2008) found intact low-level, but impaired high-level dorsal stream 
functioning in ASD children; the children with dyslexia, however, had impairments in 
both low- and high-levels of dorsal stream functioning. This suggests the root of dorsal 
stream dysfunction in ASD is not sub-cortical in nature, while motion processing 
abnormalities in dyslexia may stem from earlier, more low-level stages of visual 
processing. 
More recent work dismisses the notion of a general dorsal stream deficit in ASD, 
and suggests the reduced sensitivity to global motion can be interpreted in a different way 
(Bertone et al., 2003). Bertone and colleagues (2003, 2005) suggest that individuals with 
ASD may be less able to integrate motion signals in stimuli with greater neural 
complexity, and this may explain the increased global motion detection thresholds 
observed in ASD. Bertone and colleagues (2003) presented participants with two types of 
motion stimuli; simple, first-order (luminance-defined) motion stimuli, and more 
complex, second-order (texture-defined) motion stimuli. Second-order stimuli require 
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greater neural integration of visual information to be successfully perceived. The ASD 
group displayed significantly reduced motion perception ability for second-order stimuli 
only. This pattern of performance (reduced ability to process more complex stimuli, that 
require greater neural integration) was also observed with static stimuli (Bertone et al., 
2005); the ASD sample displayed enhanced ability to determine the orientation of simple, 
luminance-defined gratings, but impaired ability to detect the orientation of complex, 
texture-defined gratings. These findings have been proposed as evidence that complex 
information processing (information that requires greater neural integration) is 
compromised in ASD (Bertone et al., 2005). This theory predicts perceptual integration 
will be compromised both in static and dynamic stimuli, and at both low- and high-levels 
of visual processing in people with ASD. Moreover, this decreased perceptual integration 
ability may account for the local processing bias also observed in ASD. 
 Adding to the motion processing controversy in ASD is the common finding of 
normal motion perception (Del Viva et al., 2006; Koldewyn et al., 2010; White et al., 
2006). A few groups have observed intact motion perception in ASD even using more 
unconventional paradigms (Sanchez-Marin & Padilla- Medina, 2007 employed Gaussian 
noise motion stimuli; Vandenbroucke, Scholte, van Engeland, Lamme, & Kemner, 2008 
used plaid motion stimuli), demonstrating the robustness of the finding of intact motion 
perception. There are several possible reasons for this discrepancy, including sample 
characteristics (sampling lower versus high functioning individuals, older versus younger 
participants) and task characteristics (presentation times, stimuli speeds). Unfortunately, 
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it is impossible to control sample and task characteristics across studies. The debate about 
motion processing in ASD persists. 
Motion Processing in ASD and Schizophrenia 
Around the middle of last century Leo Kanner and Hans Asperger employed the term 
“autism” (from the Greek root “autos” which means “self”) to describe a group of 
children they observed who displayed a strong need for solitude and routine, and 
impairments in basic social communication and interaction (Asperger, 1944; Kanner, 
1943). The use of this term by two separate individuals was not by coincidence; both 
researchers adopted a term that had been used to describe individuals with schizophrenia 
who displayed similar symptoms of social avoidance, and a drive towards isolation from 
the social environment (Bleuler, 1911). In fact, for decades these two disorders (ASD and 
schizophrenia) were linked diagnostically; it was not until the DSM-III that these 
disorders were classified as distinct conditions (Sasson et al., 2011).  
Primarily due to initial erroneous classification of these two disorders, for some 
time there was some stigma about associating ASD and schizophrenia. Recently there has 
been a resurgence in the comparison of these disorders, as researchers have discovered 
that examining the similarities and differences between these two disorders may help 
elucidate the different neural mechanisms and genetic factors that underlie each disorder 
(Sasson et al., 2011). For example, a recent study suggests ASD and schizophrenia may 
share some genomic relationships; however these genetic atypicalities have distinct 
phenotypic expressions in ASD versus schizophrenia (Crespi, Stead, & Elliot, 2010). The 
evidence suggests genetic variants in ASD are linked with atypical brain overgrowth; 
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however, in schizophrenia, these genetic abnormalities have been linked with brain 
undergrowth (Crespi et al., 2010). Another example of similarities/differences between 
ASD and schizophrenia can be observed in the social domain. Evidence suggests that 
schizophrenics surpass people with ASD in emotion identification tasks, but that both 
perform at a comparable level in theory of mind tasks (Bolte & Poustka, 2003; Craig, 
Hatton, Craig, & Bentall, 2004; Pilowsky, Yirmiya, Arbelle, & Mozes, 2000; Sasson et 
al. 2007, 2011). It has been suggested that perhaps in ASD even the most basic social 
processing mechanisms are abnormal, whereas dysfunction in schizophrenia begins at 
higher-cortical areas (Sasson, 2011). Moreover, while both disorders share some 
impairments in social perception, evidence suggests the developmental trajectory of these 
impairments is different; social impairments in ASD appear early in development, while 
social abnormalities in schizophrenia are not evident until late adolescence/early 
adulthood (Pinkham, Hopfinger, Pelphrey, Piven, & Penn, 2008). Of great relevance to 
the current study, global processing impairments have also been reported in people with 
schizophrenia (see Butler, Silverstein, & Dakin, 2008 for review).  
All this combined illustrates the importance (and intrigue) of comparing these two 
disorders.  Our principal aim was to examine motion processing in the local and global 
stages in people with ASD. Our chosen paradigm afforded us the added benefit of the 
opportunity to compare the performance of the ASD sample in the present study to that of 
schizophrenics in a comparable study (Chen et al., 2012).  
Local and Global Motion Processing in ASD 
Few groups have investigated the integrity of the local and global processing stages in 
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ASD; most focus exclusively on global motion processing. To the best of our knowledge, 
there is only one other group that examined both local and global motion perception in 
individuals with ASD (Chen et al., 2012). Chen and colleagues (2012) employed a speed 
discrimination task (participants had to detect which of two random dot patterns was 
faster) as an index of local motion processing, and GDM stimuli as a measure of global 
motion processing, in a group of adolescents with ASD. In the speed discrimination task 
participants were presented with two dot patterns, and asked to decide which one moved 
faster. Speed discrimination was presented under regular (0.5 s interval between the two 
dot patterns) and prolonged (3 s interval between the two dot patterns) testing conditions. 
In the global motion task, participants were presented with random dot patterns and asked 
to detect the direction of the motion. Regarding local motion perception, there were no 
group differences in speed discrimination thresholds for the regular condition; however, 
during the prolonged condition, ASD participants had lower speed discrimination 
thresholds and were significantly more accurate than the control group across all 
presentation speeds. There were no significant group differences in global motion 
perception. This was proposed as preliminary evidence of enhanced local, intact global 
processing in low-level perception in ASD. 
 The present study assessed local and global motion processing in ASD by 
employing similar GDM stimuli (random dot patterns), but different local motion stimuli 
(we employed moving vertical gratings). Our study mirrors the paradigm developed by 
Chen et al. (2003) to examine the local and global stages of motion processing in people 
with schizophrenia. The primary reason the current tasks were employed was because of 
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the elegance of the paradigm; however, an added benefit of using these specific tasks is 
because of previous findings with people with schizophrenia (Chen et al., 2003 reported 
intact local motion processing, impaired global motion processing in schizophrenia 
patients). Therefore the performance of ASD participants in the present study could be 
informally compared with that of schizophrenics in the Chen et al. (2003) study. 
It was our primary objective to investigate the integrity of the local and global 
stages of motion processing in ASD, and to also examine if a local processing bias 
extends to low-levels of visual processing. Another major objective was to examine if 
there was any relationship between motion processing and ASD symptom severity. Any 
association would suggest that atypical low-level perception might contribute to the 
social and nonsocial impairments observed in ASD. 
Methods 
Global Motion Detection Task 
Apparatus 
The presentation software was written in Matlab 7.4 and was displayed using 
Psychtoolbox Version 3.08. Stimuli were presented on a Dell Desktop computer. 
Responses were collected using the computer keyboard. The same apparatus was used in 
the local motion detection task. 
Stimuli 
The global motion detection paradigm was developed by Daniel J. Norton (Chen et al., 
2003, 2012). The global motion stimuli were arrays of random dot patterns (RDP), each 
composed of two hundred moving dots. The dots were small (2 x 2 min arc), white 
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(luminance 105 cd/m2) and presented on a black (luminance 4 cd/m2) background. The 
location of the dots was spread over a circular window of 7° visual angle. Stimuli 
duration was 500 ms. All dots lasted the entire duration of the stimulus unless they 
moved outside of the circular window.  
For each GDM stimuli there were two sets of dots; one set of dots moved 
coherently to either the left or right (signal), and the other set of dots in the display 
moved in random directions (noise). Signal to noise was manipulated by varying the 
amount of dots moving coherently versus randomly. Coherence level was defined as the 
proportion of dots moving coherently in one direction. For example, 100% coherence 
meant that all dots in the stimulus moved in the same direction; a 50% coherence level 
meant that half of the dots moved in the same direction, and the other half moved in 
random directions. The percent of motion coherence corresponded with the difficulty 
level, the greater the level of coherence, the easier the task of judging the direction of 
motion. Six coherence levels were generated for test trials, 3, 6, 12, 24, 48 and 96%. See 
Figure 5.1 for example of the dot stimuli. 
 
[Figure 5.1 about here] 
 
Design 
The task consisted of 6 difficulty levels (3, 6, 12, 24, 48 and 96%) of coherent motion. 
Each difficulty level was shown 16 times (8 left, 8 right), each test session consisted of 
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96 trials. Trial order was randomized. Before the test session, practice trials were 
administered with feedback. 
Procedure 
Participants were asked to judge the direction of moving dots by pressing the 
corresponding key (left or right). Each RDP was presented for 500 ms, followed by a 
fixation cross (presented for 1000 ms). Motion detection thresholds were calculated from 
the minimum coherence level required for the participant to reach 80% accuracy (at least 
80% accuracy was required to make determination of threshold possible). One control 
participant did not reach the minimum 80% accuracy criterion and was excluded from the 
analysis.  
The participant accuracy data were fitted using a Weibull function4 with the 
computer software program SigmaPlot 12. Motion detection thresholds were calculated 
using the fitted curve. Motion detection thresholds were used as the dependent variable.  
Local Motion Detection Task 
Stimuli 
The local motion detection paradigm was developed by Daniel J. Norton (Chen et al., 
2003, 2012). Local motion stimuli were luminance-defined vertical gratings moving in 
one direction (left or right). Each vertical grating had a diameter of 10° visual angle. The 
gratings were presented within a circular aperture at the center of the display.  
Presentation duration was modified to manipulate difficulty; the greater the 
duration, the easier the task of judging motion direction. Six presentation times were 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4	  Weibull function: y = 100 – 50exp[ - (α/α)β	  ]	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generated for test trials: 17, 33, 67, 133, 267, 533 ms. See Figure 5.2 for representation of 
local motion stimulus. 
 
[Figure 5.2 about here] 
 
Design 
Presentation duration was modified to create 6 difficulty levels (17, 33, 67, 133, 267, 533 
ms). Each difficulty level was shown 8 times (4 left, 4 right), which resulted in 48 trials 
total. Trial order was randomized. Before the test session, practice trials were 
administered with feedback. 
Procedure 
Participants were asked to judge the direction of moving vertical gratings by pressing the 
corresponding key (left or right). A 500 ms fixation cross preceded each grating. Motion 
detection thresholds were calculated for the minimum presentation duration required for 
the participant to reach 80% accuracy. One ASD and three control participants did not 
reach the minimum accuracy criterion and were excluded from the analysis. Threshold 
calculation was conducted in the same manner as the global task. 
Results 
Motion Detection Thresholds 
Global motion detection thresholds were calculated from the minimum coherence 
necessary for the participant to reach 80% accuracy. Local motion detection thresholds 
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were calculated from the minimum presentation duration necessary for the participant to 
reach 80% accuracy. Motion detection thresholds were used as the dependent measures. 
There were no significant differences between the ASD and NC groups in global 
motion detection thresholds, t(37) = .56, p = .57. There were also no significant 
differences between the groups in local motion detection thresholds, t(34) = -1.54, p = 
.13.5 See Figure 5.3 for illustration of findings.  
 
[Figure 5.3 about here] 
 
Task Performance and ASD Social Symptom Severity 
In both groups, ASD symptom severity was assessed using the BAPQ. The BAPQ is a 
self-report measure used to measure the presence of ASD traits. The BAPQ variables 
used in the correlation analyses were the total overall summary score and summary score 
per subscale (aloof, pragmatic language and rigidity).  
In the ASD group only, ASD symptom severity was also measured using the 
Social Responsiveness Scale; the SRS measures used in the correlational analyses were 
the summary t-score and t-score for each subscale (awareness, cognition, communication, 
motivation and mannerisms). Each subscale addresses a specific aspect of ASD 
impairment, with higher scores suggesting greater severity. For example, the cognition 
subscale relates to the ability to process social information, analyze and interpret social 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Thresholds were calculated from accuracy data. Response time data for each difficulty level 
were also examined; there were no significant between group differences for either the global or 
local motion detection task 
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cues. Questions included in this subscale are “ takes things too literally and doesn’t get 
the real meaning of a conversation,” and “concentrates too much on parts of things rather 
than seeing the whole picture.” 
Correlation analyses were conducted on each group separately to examine the 
relationship between motion detection thresholds (global and local motion detection 
thresholds) and ASD social symptom severity. 
Partial correlational analyses (controlling for age and IQ) showed a significant 
positive correlation between global motion threshold and the SRS-Social Cognition 
subscale, r = .54, p =.02 (see Figure 5.4 for scatterplot of correlation). No significant 
correlations were observed in the NC group. 
 
[Figure 5.4 about here] 
 
Discussion 
The objective of the current study was to (1) examine the integrity of the local and global 
stages of motion processing in ASD, (2) investigate if a local processing bias extends to 
low-level visual stimuli in ASD, and (3) establish if there is any association between 
ASD symptom severity and motion processing. The first significant finding was that 
there were no group differences in local motion or global motion detection thresholds, 
though this negative finding must be replicated with a bigger sample size. Nonetheless, 
this finding suggests that local and global motion processing may be intact in ASD. This 
finding also suggests atypical ASD cognitive processing style (enhanced local, impaired 
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global processing) may not be readily apparent in basic, low-level visual processing (i.e. 
motion processing). The last important finding was the significant positive correlation 
between the SRS-Social Cognition subscale and global motion detection, suggesting a 
relationship between ASD social symptom impairment and reduced sensitivity to global 
motion.  
Intact Local Motion Processing in ASD 
The finding of normal local motion detection thresholds in ASD parallels a 
previous study (Chen et al., 2012), which also observed intact local motion detection in 
ASD. One notable difference is that in the present study enhanced local motion 
processing was not observed in the ASD group. There are several important differences 
between this study and Chen et al. (2012). First, our ASD sample was older. While Chen 
and colleagues (2012) focused exclusively on adolescents with ASD, our study included 
both adolescents and adults. It is common knowledge that a number of visual processing 
skills improve with age; perhaps superior ASD performance is better observed in younger 
individuals.  
A more significant experimental difference concerns the different local motion 
paradigms employed. In the present study participants were asked to detect the direction 
of a simple vertical grating. Chen et al. (2012) asked participants to detect the difference 
in speed of two random dot patterns. It is important to note, that in Chen et al. (2012) 
enhanced local motion processing was not observed in the ASD group in the regular 
condition; superior performance was only observed in the prolonged condition. So the 
null finding in the present study may be a mild replication of the Chen et al. (2012) 
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similar null finding in the regular condition. The finding of enhanced local processing 
during the prolonged duration condition is interesting. This certainly goes against the 
impaired working memory theory that has been proposed to underlie ASD (Chen et al., 
2012; O’Hearn, Asato, Ordaz, & Luna, 2008). However, why would individuals with 
ASD be at the same level as controls in one condition (regular condition), and outperform 
controls in a longer duration condition? If this finding truly were indicative of enhanced 
local motion processing, you would expect superior ASD performance on both 
conditions. Chen et al. (2012) propose that extended encoding contributed to ASD 
performance (Takarae, Minshew, Luna, Krisky, & Sweeney, 2004). The extended 
encoding hypothesis proposes that in the ASD visual system there is a “shift of tuning in 
speed processing to a slow speed range” (Priebe, Lisberger, & Movshon, 2006), so that 
neural responses take longer to respond but once they do, they have enhanced local 
processing (Chen et al., 2012). In sum, relative to typicals, the visual system of people 
with ASD may take longer to encode speed signals; however, once their visual system 
gets active, they are actually better than typicals at encoding local speed information. 
This hypothesis predicts people with ASD would disproportionately benefit from 
additional processing time.  
We examined if our results fit the predictions of extended encoding. To 
investigate if longer stimuli duration disproportionately benefited the ASD group, we 
examined the effect of stimuli presentation duration (short duration: mean accuracy 
across 17, 33, 67 ms stimuli presentation times; long duration: mean accuracy across 133, 
267, 533 ms) on group accuracy and did not find any significant group differences or 
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group interaction effects. Therefore, in the local motion detection task, we found no 
evidence of prolonged stimuli presentation disproportionately benefiting the ASD 
sample. Of course, it is not entirely appropriate to compare the findings of the present 
study and Chen et al. (2012) for several reasons. First, Chen et al., (2012) compared 
performance on .5 s versus 3 s; while our durations were much shorter (mean of short 
duration times = 39 ms; mean long duration times = 311 ms). Also, short and long 
duration times in the present studywere not as far apart (1.5 ms in Chen et al., 2012; 272 
ms in our study). And finally, we also had very different task procedures; Chen and 
colleagues (2012) employed a speed discrimination task, while our paradigm was a 
motion direction detection task. The extended encoding mechanism is an interesting 
hypothesis. Our findings did not provide any support for this proposal. More empirical 
evidence is needed to evaluate this hypothesis.  
Global Motion Processing in ASD 
We also observed intact global motion processing in the ASD sample. This study joins 
numerous groups also finding intact global motion perception in ASD (Del Viva et al., 
2006; Koldewyn et al., 2010; White et al., 2006), although the present study extends this 
to local motion processing as well. There is one significant caveat to the finding of intact 
global motion perception in the ASD group; the significant correlation between global 
motion detection thresholds and a measure of ASD social symptom severity (SRS-Social 
Cognition subscale). The SRS-Social Cognition subscale relates to the ability to process 
social information, analyze and interpret social cues. This correlation suggests ASD 
individuals with greater social deficits are less able to integrate visual signals to perceive 
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global motion.  
The correlation between ASD severity and global motion perception is important 
for several reasons. First, this suggests that intact global motion perception may be more 
readily apparent in a segment of individuals with ASD. The presence of subgroups in 
ASD is a common finding (Tager-Flusberg & Joseph, 2003; White et al., 2009). The 
observed correlation coupled with the existence of subgroups in ASD implies our null 
finding in the present sample (of higher functioning ASD individuals) should be 
interpreted with caution; this negative finding may not hold for more severe, low-
functioning individuals. Future studies should aim to replicate this study in lower-
functioning individuals with ASD.  
Second, this finding suggests there may be a relationship between ASD 
behavioral symptoms and reduced global motion sensitivity. ASD individuals who 
struggle to acquire gist, and context in the social environment may also struggle to 
integrate local motion signals into coherent global motion. It is important to note the 
ASD severity correlation was only observed with global motion detection thresholds, not 
the local motion detection thresholds. This provides some additional support for the weak 
central coherence account; only the weak central coherence hypothesis (and not the 
enhanced perceptual functioning hypothesis) predicts impaired global perception in ASD. 
A significant correlation between ASD severity and local motion detection (more severe 
individuals being better at detecting local motion stimuli) would align with the 
predictions of both WCC and EPF; however the observed association between the greater 
	  	  
140 
severity and worse global low-level perception only fits within the weak central 
coherence framework.  
 This significant correlation also suggests that the same neural cognitive 
dysfunction may contribute to both the atypical processing style observed in ASD and 
deficits in social behavior. There is growing evidence of abnormal neural connectivity in 
people with ASD (Amaral, Schumann, & Nordahl, 2008; Courchesne et al., 2007; Frith, 
2004; Redcay & Courchesne, 2005). One prominent theory suggests abnormal early brain 
overgrowth contributes to enhanced local perception and diminished global perception in 
people with ASD (Courchesne et al., 2007). A related theory suggests an overabundance 
of local, intra-region connections coupled with reduced long-range, inter-region 
connections is what leads to atypical processing in ASD (Just et al., 2004). These theories 
of abnormal neural circuitry in ASD are not mutually exclusive and the research in 
support of neural atypicalities in ASD is ongoing (this is another exciting aspect of this 
field). Our finding suggests there may be some connection between the neural 
dysfunction that contributes to atypical ASD processing style and ASD behavioral 
symptoms. An ideal study would be a longitudinal study, incorporating neuroimaging, 
examining the development of local and global motion processing abilities in ASD, 
across a variety of severity levels.   
Global and Local Motion Processing in ASD and Schizophrenia 
There is now some consensus that schizophrenia and ASD may share areas of overlap in 
both social (e.g. impairments in mental state attribution and interpretation) and cognitive 
dysfunction (e.g. deficits in global processing). A secondary aim of this study was to 
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compare the performance of this ASD sample, to a comparable study, which employed 
patients with schizophrenia. Chen et al. (2003) found that the patients with schizophrenia 
had significantly higher global motion detection thresholds, but equivalent local motion 
detection thresholds. This was cited as evidence of selective global-motion system 
impairment in people with schizophrenia. We observed intact local and global and 
motion processing in the ASD group; however we also found a significant correlation 
between higher ASD social severity and reduced global motion processing. While 
speculative, these findings suggest that perhaps more severe ASD individuals share the 
same motion processing profile (intact local, impaired global motion processing) as 
people with schizophrenia. Future research should examine local and global stages of 
motion processing in lower-functioning individuals with ASD and compare their 
performance with people with schizophrenia. Our preliminary comparison suggests that 
such a study would beneficial to the ASD field.  
Summary 
The current motion processing paradigms afforded us a method to assess local and 
global processing at a low-level of visual processing in ASD. Findings suggest local and 
global motion processing may be intact in ASD. There was also a relationship between 
ASD severity and reduced global motion detection, providing support for the weak 
central coherence hypothesis. Future studies should be conducted with a larger sample 
size, a younger participant group, and ASD individuals from a wider range of severity 
levels.  
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Figure Captions 
Figure 5.1 Example of RDP employed in global motion detection task. 
 
Figure 5.2 Example of vertical grating employed in local motion detection task. 
 
Figure 5.3 Mean thresholds at 80% for (A) global motion (percent coherence), and (B) 
local motion (presentation duration) detection. Error bars represent standard errors of 
means. Lower thresholds indicate better performance.   
 
Figure 5.4 Scatterplot of significant correlation between SRS-Social Cognition subscale 
and global motion detection threshold (percent coherence). 
 	    
	  	  
143 
Figures 
Figure 5.1 
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Figure 5.2 
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Figure 5.3 
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Figure 5.4 
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CHAPTER SIX 
General Discussion 
 
Autism is a neurodevelopmental disorder characterized by profound behavioral 
impairments. Despite, or perhaps as a consequence of, the proliferation of ASD diagnoses 
in the past two decades, many aspects of this disorder remain a puzzle. One intriguing 
aspect of this disorder is that in spite of marked behavioral impairments, ASD individuals 
can outperform typicals on a range of visual tasks. The objective of this study was to 
characterize atypical visual processing in individuals with ASD and examine if any 
relationship exists between various aspects of atypical perception and dimensions of ASD 
social and behavioral severity. A range of visual processing tasks was employed to 
address this objective. First, we employed a novel embedded figures task and found 
evidence of enhanced visual perception in ASD participants. Second, we utilized two 
silhouette tasks (a form matching task and a shape integration task) and reported, 
compared to controls, ASD participants were slowed disproportionately by the shape 
integration task relative to the form matching task. Next, we employed a local-global 
switching task and found evidence of attentional system integrity and normal attention 
narrowing and attention broadening ability in ASD participants. Finally, we employed 
two motion detection tasks and found normal local motion perception and global motion 
integration in ASD participants. Across all tasks we observed a relationship between 
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measures of ASD severity and (1) a local processing bias, and (2) impaired global 
processing.  
This is the first study to use such sophisticated tasks, with varying processing 
demands, to examine local-global perception in ASD individuals. This is also the first 
study to examine the relationship in ASD individuals between performance on a novel 
range of visual processing tasks and ASD behavioral symptoms. These findings help 
address several significant issues regarding the nature of local and global processing 
visual stimuli in persons with ASD; in individuals with ASD (1) the extent to which 
impaired contextual processing is associated with a local processing bias, (2) if atypical 
processing is characteristic of both basic and higher-order perception, and (3) if ASD 
behavioral symptoms are related to atypical processing style. 
Aim 1: To investigate to what extent impaired contextual processing is associated 
with a local processing bias 
One of the primary objectives of this project was to examine if a local processing bias 
was association with impaired contextual processing in ASD individuals. On the 
embedded figures test (where local processing is advantageous), the ASD sample 
outperformed (superior accuracy) controls. Two silhouette tasks were developed to assess 
different dimensions of global processing. Results showed that, relative to controls, the 
ASD group was disproportionately slowed in the more demanding shape integration task; 
that is, the ASD sample found integration of two elements into a coherent whole 
disproportionately more difficult than simple global form matching.  
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To better illustrate the variable ASD performance across these tasks (embedded 
figures test, silhouette tasks) the following was calculated; the number of ASD subjects 
that performed (1) better (as indicated by better accuracy) than controls on the EFT, and 
(2) worse (as indicated by bigger response time difference between ST2 and ST1) than 
controls on the silhouette tasks (see Figure 6.1 for illustration of findings). This 
effectively illustrates the notion that ASD is associated with peaks and valleys; a peak 
was observed in local processing, but a valley was observed in global integration.  
 
[Figure 6.1 about here] 
 
Enhanced local perception in ASD. The embedded figures test has been utilized 
by numerous groups to examine superior local processing in individuals with ASD 
(Keehn et al., 2009; Shah & Frith, 1983; White & Saldaña, 2011). A novel embedded 
figures test was developed to avoid the task-related limitations of the traditional 
embedded figures test and to better assess what variables affect task performance. Results 
showed that participants with ASD correctly detected more embedded shapes than 
controls; this advantage disappeared in baseline trials (where the search component had 
been removed). These results are consistent with previous findings of superior ASD 
performance on the embedded figures test, but extend this finding to an updated novel 
embedded figures paradigm.    
Reduced global integration ability in ASD. Two novel silhouette tasks were 
created to assess two different aspects of global processing in ASD individuals. The first 
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silhouette task required participants to pay attention to the global form of shapes, while 
the second silhouette task required participants to integrate two shapes and construct a 
coherent whole. The first silhouette task is essentially simply a matching task; in the 
second task, however, participants must successfully integrate two shapes to detect the 
correct answer. Compared to controls, ASD participants were disproportionately slower 
on the shape integration task, relative to the form perception task. These results are 
consistent with previous findings of intact global form perception (Deruelle, Rondan, 
Gepner, et al., 2006), but diminished integration ability in ASD participants (Bertone et 
al., 2003, 2005; Booth et al., 2003; Deruelle, Rondan, Gepner, et al., 2006; Jolliffe & 
Baron-Cohen, 2001; Nakano et al., 2010). These findings also provide support for the 
suggestion that the construction of wholes from parts is more time-consuming in ASD 
individuals, relative to controls (Shalev, 2007, commentary on Wang, Mottron, Peng, 
Berthiaume, & Dawson, 2007). 
Implications for cognitive accounts of ASD. To elucidate potential strengths 
and weaknesses in ASD processing style, it is not enough to just examine one aspect of 
visual processing. This project examined both local and global processing to better 
characterize if peaks and valleys underlie ASD cognitive processing. The evidence 
suggests ASD strength in local processing, and ASD weakness in integrative processes.  
Both the weak central coherence and enhanced perceptual functioning accounts 
have distinct predictions regarding ASD performance on local and global processing 
tasks. The weak central coherence hypothesis predicts superior ASD performance on the 
embedded figures test and inferior ASD performance on both silhouette tasks (Frith, 
	  	  
151 
1989; Happé, 1999). The enhanced perceptual functioning account, however, predicts 
superior ASD performance on the embedded figures test, and comparable ASD 
performance on both silhouette tasks, relative to controls (Mottron et al., 2003). We 
reported evidence of superior local processing, but greater difficulty integrating two 
separate parts into a single whole figure in the ASD sample. The severity correlations 
(discussed later) suggest that in ASD individuals, there is a connection between a local 
processing bias, impaired global processing, and ASD behavioral symptoms. 
Numerous groups employ a single paradigm, which taps into one aspect of 
processing to examine atypical perception in ASD. If the ASD field is ever to make any 
headway in elucidating atypicalities in ASD cognition, and the neural basis for these 
atypicalities, ASD processing can no longer be examined in a piecemeal manner. In this 
project, employing the embedded figures or silhouette tasks in isolation would not have 
been sufficient to illustrate the intriguing picture of strengths and weaknesses in the ASD 
sample. Even within higher-order global processing, it was essential that different 
dimensions of global processing were examined (in ST1 and ST2) before a selective 
weakness in the ASD sample was apparent. This project demonstrates the importance of 
using multiple paradigms to examine atypical processing in ASD. 
Aim 2: To examine if atypical processing style is characteristic of both basic and 
higher-order perception in ASD  
Another aim of this study was to examine if atypical processing was characteristic of both 
basic and higher-order perception in ASD individuals. Several visual spatial tasks 
(embedded figures test, two silhouette tasks), a modified attentional blink paradigm 
	  	  
152 
(local-global switching task), and two motion detection tasks were employed to address 
this issue. Regarding the higher-level spatial tasks, among the ASD participants we found 
evidence of superior local, and reduced global integration ability. On the more basic 
visual perceptual tasks (i.e. local-global switching task, motion detection tasks), however, 
we reported no overall group differences. In the local-global switching task, there were 
no group differences in (1) accuracy for local or global stimuli, and (2) attention 
broadening or attention narrowing ability. In the motion detection tasks, there were no 
group differences in local or global motion detection thresholds. 
There are two distinct classes of visual tasks; lower-level tasks that assess simple 
visual processes, and higher-order visual tasks which assess more complex visuospatial 
functioning (Iarocci, 2000). Tasks like the local-global switching task, and motion 
detection tasks assess more basic visual processes; whereas tasks like the silhouette tasks 
and the embedded figures task assess more demanding visual processes. In this study a 
clear pattern of ASD performance emerged. No overall group differences were reported 
for the basic visual tasks (local-global switching task, motion detection tasks); however, 
on the higher-order tasks (embedded figures task, silhouette tasks), relative to controls, 
ASD participants displayed a distinctly different processing style. According to these 
findings, in higher-functioning adults with ASD, atypical cognitive processing (enhanced 
local, diminished global processing) is more readily apparent in more demanding, high-
level perceptual processes. An alternative interpretation is perhaps the basic, less 
demanding perceptual tasks are not as sensitive to group differences as the more 
	  	  
153 
cognitively demanding high-level tasks. Future work is needed to investigate this 
assertion. 
Aim 3: To investigate whether aspects of ASD social and behavioral symptom 
severity are related to atypical perception  
In the original weak central coherence hypothesis, weak central coherence had a central 
and causal role in ASD social (and non social) behavioral symptoms (Frith, 1989; Happé 
& Frith, 2006). Frith proposed that excessive focus on details paired with impaired ability 
to integrate information for high-level meaning would greatly impact social cognitive 
abilities in people with ASD (Frith, 1989; Happé & Frith, 2006). It is easy to see how 
difficulty perceiving context would greatly impact social skills, as social communication 
and interactions are filled with subtle cues and are heavily reliant on context integration 
(Penn et al., 2003; Russell-Smith et al., 2012).  
 A number of studies have reported a relationship between weak central coherence 
and ASD social cognitive impairments (Baron-Cohen & Hammer, 1997; Jarrold et al., 
2000; Russell-Smith et al., 2012); however, a number of groups have reported no such 
finding (Burnett et al., 2005; Happé, 1997; Morgan et al., 2003; Pellicano et al., 2006). 
These conflicting findings led Frith to downgrade the causal relationship between weak 
central coherence and social dysfunction in ASD (Happé & Frith, 2006). Russell-Smith 
and colleagues (2012), however, assert that additional empirical evidence is needed to 
help clarify the association between atypical processing style in ASD and social 
behavioral impairments. Perhaps the most intriguing finding in the present study was the 
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relationship between aspects of ASD social severity and a local processing bias and 
impaired global processing.  
Relationship between local processing bias and ASD severity. The results 
showed a relationship between superior ASD performance (greater accuracy) on the 
embedded figures test and greater ASD social symptom severity (as measured by the 
SRS-Social Awareness subscale); this finding suggests there is a connection between a 
local processing bias and social impairments in individuals with ASD. Findings also 
revealed a link between enhanced low-level visual perceptual functioning (as assessed by 
reduced fixation duration, fixation frequency, and looking time) and several dimensions 
of ASD severity (SRS Motivation, Awareness, and Cognition subscales and BAPQ 
Overall and Aloof subscale). These findings neatly demonstrate that even among higher-
functioning individuals with ASD, there is a robust relationship between enhanced local 
processing and impairments in social understanding. 
Relationship between diminished global processing and ASD severity. The 
relationship between abnormal global perception and social impairments in ASD 
participants was illustrated in several tasks; silhouette task 2 (where integration was 
required), the local-global switching task, and the global motion detection task. 
There was a significant association between reduced integration ability (longer 
silhouette task 2 response time) and greater ASD social severity (SRS-Social Motivation 
subscale). There was also a significant relationship between reduced global motion 
integration ability (higher global motion detection thresholds) and greater ASD social 
severity (SRS-Social Cognition subscale). Finally, there was significant link between 
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reduced attention broadening ability (greater processing cost for having to switch from a 
local letter into a global letter) and greater ASD social severity (BAPQ-Aloof subscale). 
These findings combined illustrate a clear relationship between reduced global processing 
ability and ASD social symptom severity. 
Despite the consistent finding of a link between ASD social severity and superior 
local processing and reduced global integration ability, we did not observe any inter-task 
correlations (e.g. correlation between faster EFT response times and slower ST2 response 
times). There is conflicting evidence regarding the correlation between superior local task 
performance and inferior global task performance in ASD individuals. For example, 
Pellicano and colleagues (2006) did not observe a significant correlation between faster 
EFT response times and lower accuracy on a shape integration task in ASD individuals. 
Bölte and colleagues (2007), however, did find a correlation between faster EFT response 
times and reduced (1) susceptibility to visual illusions, and (2) global processing of 
Navon stimuli. Both studies were plagued by many of the limitations previously 
discussed (ceiling effects, attention confounds, no baseline condition), thus interpretation 
of these findings is uncertain. Replication of the present study, with a larger (and 
younger) sample is needed before any definitive statements can be made regarding inter-
task correlations.   
Implications for cognitive accounts of ASD. The weak central coherence 
accounts asserts enhanced processing of local elements, paired with impaired integration 
of parts into wholes is a characteristic feature of ASD; moreover this atypical perception 
plays a critical role in the social impairments observed in people with ASD (Frith, 1989; 
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Happé & Frith, 2006). Therefore, across all tasks in the present study, according to the 
weak central coherence account, there should be a relationship between ASD severity and 
(1) superior local perception, and (2) diminished global perception. The enhanced 
perceptual functioning hypothesis also asserts a superior ability to process local elements 
is a primary feature of ASD; however, this ability does not come at the expense of 
perception of global wholes (Mottron et al., 2003; Mottron et al., 2006). The enhanced 
perceptual functioning account emphasizes that ASD individuals have no impairment in 
the ability to integrate parts to form coherent wholes. According to the enhanced 
perceptual functioning account, in ASD individuals non-typical neural regions may be 
recruited for social tasks, but there is no specific claim as to whether this atypical 
recruitment affects social functions. Therefore the present findings provide more support 
for the assertions of the weak central coherence than the enhanced perceptual functioning 
hypothesis.  
In the current study the inverse relationship between ASD social severity (the 
BAPQ-Aloof subscale) and attention broadening is intriguing. This suggests difficulty 
disengaging from local stimuli is also connected with social impairments in ASD. Keehn 
and colleagues (2012) did an exhaustive literature review of attentional abnormalities in 
ASD and concluded, “that early deficits in disengaging attention result in [a] cascade of 
impairments and ultimately contribute to the emergence of the ASD phenotype” (page 
165). Keehn and colleagues (2012) emphasize that early detection of attentional 
impairments in ASD (1) may be a useful marker for early detection of ASD, and (2) aid 
toward the developmental of attention-targeted early interventions, which could help 
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alleviate the developmental progression of attentional abnormalities. The results reported 
in this dissertation cannot directly address this proposal about the causal trajectory of 
ASD attentional problems; however this hypothesis combined with the current evidence 
(of a relationship between attentional problems and ASD social severity) suggests that a 
the investigation of attentional disengagement impairments (and more specifically, 
impairments in disengaging from local stimuli), ASD social behavioral impairments, and 
the developmental progressions of both these impairments (attention disengagement and 
social difficulty) should be a priority for future ASD research.  
Potential Neural and Genetic Mechanisms 
This study examined atypicalities in ASD participants at the perceptual/cognitive 
(experimental tasks) and behavioral/social level (measures of ASD social severity). 
While, no direct neural or genetic information was collected, it is still important to 
discuss how these findings fit into the ongoing discussion concerning the neural and 
genetic accounts of ASD. There is preliminary evidence regarding neural and genetic 
factors that may contribute to atypical cognition in people with ASD. For example, 
superior embedded figures test performance has been reported in non-autistic parents of 
individuals with ASD (Bölte & Poustka, 2006), suggesting that enhanced local 
processing style may be a useful biomarker in determining the underlying genotype in 
ASD (Bölte & Poustka, 2006; Spencer et al., 2012). While the direct link between neural 
and genetic factors and ASD perception/cognition is still speculative, the preliminary 
neural and genetic findings discussed here illustrate that the investigation of this link is 
imperative towards a more complete picture of the cause and progression of ASD.  
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There are several promising neural accounts of the local processing bias in ASD 
(all related to diffuse disruptions in ASD neural circuitry); these include (1) reduced 
synchronization of activation between cortical areas (Brock et al., 2002; for review see 
Müller et al., 2011), (2) reduced long-range connectivity across cortical regions and 
increased short-range intraregion connectivity (Castelli et al., 2002; Just et al., 2004; Li, 
Xue et al., 2012; Peters et al., 2013), and (3) reduced top-down control over bottom-up 
processes (this suggests bottom up, lower-level sensory processes have a more dominant 
role in ASD cognition; Bird, Catmur, Silani, Frith & Frith, 2006; Horwitz, Rumsey, 
Grady & Rapoport, 1988; Just, Cherkassky, Keller, Kana & Minshew, 2007; Koshino et 
al., 2008). These accounts are not mutually exclusive. For example, abnormalities in both 
neural activation and neural connections may contribute to imbalances between higher-
order and lower-order functions in ASD. Moreover all these accounts share the common 
theme of imbalance in neural circuitry. In this project, this theme of imbalance (enhanced 
local, poorer global integration) was observed at the perceptual/cognitive level; these 
neural accounts indicate this theme also extends to the biological level. Preliminary 
genetic evidence suggests this theme of imbalance can also be observed at the genetic 
level.  
One of the most exciting areas of the autism field is genetic research. Twin 
studies showing monozygotic twins are more likely to develop ASD than dizygotic twins 
(Folstein & Rosen-Sheidley 2001; Rutter, 2000), have demonstrated that ASD has a 
strong genetic basis. Recent genetic research suggests a link between abnormal gene 
variations and abnormal neuronal connectivity in ASD (see Li, Zou, & Brown, 2012 for 
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review).  Rubenstein and Merzenich (2003) were among the first to propose that in ASD 
a number of genetic and environmental factors interact to cause an imbalanced neuronal 
excitation/inhibition ratio. This model asserts that disproportionately high levels of 
excitation versus low levels of inhibition underlie neuronal circuitry in ASD. This 
imbalance in excitation/inhibition would lead to sweeping abnormalities in a range of 
functions, including perception and cognition. Rubenstein and Merzenich (2003) also 
propose that in ASD, there is individual variability in the imbalance between 
excitation/inhibition; an interaction between environmental and genetic factors leads to 
individual variation in the imbalance between excitation/inhibition, and thus also leads to 
individual differences in abnormal neuronal circuitry and behavioral expression. 
Rubenstein and Merzenich (2003) propose a number of candidate genes that cause this 
neuronal imbalance in ASD (e.g. genes involved in excitatory and inhibitory neural 
development and signaling were implicated). More recent work has also reported that the 
most promising candidate ASD genes are involved in neurogenesis, neuronal migration, 
and synaptogenesis (Li, Zou, et al., 2012).  
Limitations 
This study had several limitations that compromise the generalizability of these findings. 
First was the moderate sample size. Many of the key results were correlations. The 
sample size of this study is small for this type of statistical measure. When sample sizes 
are this small, correlations are more easily affected by aberrant values. Moreover, such a 
moderate sample size limits statistical power throughout the study; therefore, all null 
findings should be accepted with caution. While this sample size is comparable to many 
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of the other studies in the field, to verify these results, future studies most be conducted 
with a larger sample size. 
 Another study concern was that only male participants were included. Due to the 
male bias (ASD affects more males than females, 4.3:1 ratio; Fombonne, 2005) the trend 
in ASD experimental research is to focus on males (the present study included). Recent 
evidence suggests (1) ASD females have been under-studied, and (2) ASD cognitive 
profiles may be different in males and females (Lai et al., 2012). Future studies should 
include a more even gender ratio and investigate sex differences in atypical cognition.  
 Another study limitation is only adult participants were included. Numerous 
studies suggest atypical processing may be more easily apparent in developing children 
(Frith, 2012; Klin et al., 1999; Sasson, 2006). Evidence suggests that by adulthood, 
individuals with ASD may have developed compensatory mechanisms to cope with 
initial difficulties, therefore making it more difficult to observe atypical cognitive ability 
in adults (Frith, 2012). Future work should replicate this study with ASD children. 
 A final concern follows from the fact that only higher-functioning individuals 
were included in this study (this is another trend in the field; Frith, 2012). Previous 
findings suggest that higher-functioning individuals are more able to compensate for 
impairments (Frith, 2012). For example, it may be possible that the ASD sample used 
atypical processing strategies in the second silhouette task (e.g. breaking up the global 
silhouette figures on the shape integration task, or focusing on a small aspect of the 
shapes and matching that detail to the global silhouette figures) to compensate for global 
processing impairments. The research suggests older, higher-functioning individuals may 
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be able to use abnormal strategies to accomplish these tasks at near normal levels (Frith, 
2012). Moreover, the severity correlations observed in this study (indicating a link 
between atypical cognition and severity level) also suggest that lower-functioning 
individuals may perform differently on these tasks.  The generalizability of these findings 
to lower-functioning individuals is limited. Future studies should include participants 
from a range of severity levels and examine between and within group differences. 
Conclusion 
It seems at every level in ASD a consistent theme emerges of peaks and valleys. 
Even from the neuronal level you can see this theme of abnormal highs (excitation) and 
lows (inhibition). Across neural connections the pattern of peaks and valleys continues 
(increased local connections, reduced global connections). This study demonstrated the 
consistency of this theme at the cognitive level, with findings suggesting superior local 
processing and diminished integrative processing. These findings also suggest these 
strengths and weaknesses have social behavioral consequences. While more research is 
needed, a comprehensive picture of cognition in ASD is becoming more evident; 
potential contributing neural and genetic factors are also becoming more apparent. It is 
becoming more possible to theorize about the development and progression of this 
disorder (see Figure 6.2 for illustration of potential causal trajectory of ASD). 
 
[Figure 6.2 about here] 
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The primary objective of this study was to examine how people with autism see 
the world. Do individuals with autism view the world differently? Yes. This study 
provides evidence of peaks and valleys in how people with autism visualize the world. 
Autism is a disorder characterized by strength and deficits; the findings presented here 
suggest continued investigation of both these strengths and deficits is imperative if we are 
ever to solve the puzzle of autism. 
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Figure Captions 
Figure 6. 1 Number of ASD participants that performed better and worse, relative to 
controls, on embedded figures task (accuracy) and silhouette tasks (difference in response 
time between the two silhouette tasks). Compared to the NC group, for the embedded 
figures test, 13/20 ASD participants performed more accurately; whereas for the 
difference in response time between ST2 and ST1, all but two individuals performed 
worse. 
 
Figure 6.2 Outline of possible etiology of ASD. Genetic variants (e.g. mutations in genes 
involved in neurogenesis, neuron migration, and synaptogenesis) lead to changes in brain 
development and function (e.g. abnormal pruning, brain overgrowth, abnormal neural 
circuitry), which leads to changes in cognition (e.g. local processing bias, impaired global 
processing), and behavioral features of ASD. Environmental factors interact at all levels. 
There is also some mutual interaction between cognitive and behavioral levels. Figure 
adapted from Frith (2012). 
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Figures 
Figure 6.1 
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Figure 6.2 
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